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METHOD FOR ESTABLISHING APPLICATION PREDICTION MODEL, STORAGE MEDIUM, AND
TERMINAL
TECHNICAL FIELD

The present disclosure relates to the technical field of machine learning, and more particularly to a method
for establishing an application prediction model, a storage medium, and a terminal.
BACKGROUND

At present, with rapid development of technologies of smart terminals, smart devices such as smart
phones, tablet computers, smart televisions, and the like have become indispensable electronic devices in people’s
life.

In the smart terminal, a wide variety of applications are installed. An application is generally loaded only
when a user launches the application by default. However, storage space occupied by the applications is
increasingly larger, and time period of loading is increasingly longer, which wastes time of the user. In order to
make the applications run more smoothly, some smart terminals will prepare in advance resources for loading of
some applications, that is, preload some applications in advance.

However, it is impossible to preload applications at random. The reason is that if too many resources have
been preloaded, large storage space will be occupied, and power consumption will increase, which will affect
seriously smoothness of the terminal in use. Therefore, it is of vital importance to optimize mechanisms for
preloading and reduce power consumption of the terminal.

SUMMARY

A method for establishing an application prediction model, a storage medium, and a terminal are provided
in embodiments of the present disclosure, which can optimize schemes of preloading an application in a terminal.

According to a first aspect of the present disclosure, a method for establishing an application prediction
model is provided. The method includes the following. In response to an operation switching an application
previously running in the foreground to a first application currently running, a first preorder usage sequence of the
first application is collected (sampled) as sample usage information. Applications launched within a time-window
from a starting point of collecting the sample usage information and having a preset length are monitored, and a
preset number of applications launched first in the applications launched within the time-window are set as sample
labels for the sample usage information. A predetermined machine learning model is trained based on the sample
usage information and the sample labels for the sample usage information, to obtain the application prediction
model (in other words, model for application prediction).

According to a second aspect of the present disclosure, a non-transitory computer-readable storage
medium is provided. The non-transitory computer-readable storage medium is configured to store computer
programs which, when executed by a processor, are operable with the processor to execute the method for
establishing an application prediction model described in the first aspect.

According to a third aspect of the present disclosure, a terminal is provided. The terminal includes at least
one processor and a computer readable storage coupled to the at least one processor and storing at least one
computer executable instruction thereon which, when executed by the at least one processor, cause the at least one
processor to execute the method for establishing an application prediction model described in the first aspect when
executed by the processor.

According to the technical solution for establishing an application prediction model provided in
embodiments of the disclosure, in response to the operation switching the application previously running in the
foreground to the first application currently running, the first preorder usage sequence of the first application is
collected as the sample usage information. The applications launched within the time-window from the starting
point of collecting the sample usage information and having the preset length are monitored, and the preset number
of applications launched first in the applications launched within the time-window are set as the sample labels for
the sample usage information. The predetermined machine learning model is trained based on the sample usage
information and the sample labels for the sample usage information, to obtain the application prediction model (in
other words, model for application prediction). By adopting the above technical solution, speed of generating the
model for application prediction can be effectively increased, and accuracy of the application prediction can model
be effectively improved, thereby improving accuracy of predicting applications to be launched.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a flowchart illustrating a method for establishing an application prediction model according to an
embodiment of the present disclosure.

FIG. 2 is a block diagram illustrating a hybrid network model according to an embodiment of the present
disclosure.

FIG. 3 is a flowchart illustrating a method for establishing an application prediction model according to
another embodiment of the present disclosure.

FIG. 4 is a flowchart illustrating a method for establishing an application prediction model according to
yet another embodiment of the present disclosure.

FIG. 5 is a flowchart illustrating a method for establishing an application prediction model according to
still another embodiment of the present disclosure.

FIG. 6 is a block diagram illustrating an apparatus for establishing an application prediction model
according to an embodiment of the present disclosure.

FIG. 7 is a block diagram illustrating a terminal according to an embodiment of the present disclosure.

FIG. 8 is a block diagram illustrating a terminal according to another embodiment of the present disclosure.
DETAILED DESCRIPTION

Technical solutions of the present disclosure will be further described below through embodiments with
reference to the accompanying drawings. It will be appreciated that the embodiments described herein are merely
for the purpose of explanation rather than restriction of the disclosure. In addition, for the convenience of
description, only some structures, rather than all structures related to the present disclosure, are illustrated in the
accompanying drawings.

Before discussing the exemplary embodiments in more detail, it should be noted that some exemplary
embodiments are described as processes or methods illustrated in a flowchart. In the flowchart, although each step
is depicted as being processed sequentially, some of these steps can be performed in parallel, concurrently, or
simultaneously. In addition, the order of the steps can be rearranged. The process of one step can be terminated
when a corresponding operation is completed, but the embodiments can also have additional steps that are not
illustrated in the accompanying drawings. The process can correspond to a method, a function, a procedure, a
subroutine, a subprogram, and the like.

In a terminal device, preloading of applications is a method which is commonly used and can improve
effectively user experience. The applications can run more smoothly by preparing resources for loading of some
applications in advance.

In the related art, the applications are preloaded mainly based on statistical methods. As an
implementation, only a few applications are most frequently used by a user and thus are all preloaded. As an
implementation, the applications are graded and ranked according to the using habit of the user, and top-ranked
applications are preloaded. However, since association information between applications, time information, status
information of a terminal, and the like are ignored, the above methods are poor in accuracy of prediction of
applications preloaded and excessive resources need to be preloaded, whereas only one application will be actually
launched by the user at the next time point, which affects user experience. Therefore, it is of great significance to
predict accurately which application to be launched at the next time point.

FIG. 1 is a flowchart illustrating a method for establishing an application prediction model according to an
embodiment of the present disclosure. The method may be performed by an apparatus for establishing an
application prediction model. The apparatus may be implemented in software and/or hardware and may be
integrated into a terminal in general. As illustrated in FIG. 1, the method includes the following. Specifically,
operations corresponding to FIG. 1 illustrate how to establish an application prediction model.

At 101, a first preorder usage sequence of a first application currently running is collected as sample usage
information, in response to an operation switching an application previously running in the foreground to the first
application.

In embodiments of the disclosure, the operation switching the application previously running in the
foreground to the first application is configured to switch the application previously running in the foreground to
the first application currently running.

In embodiments of the disclosure, the first preorder usage sequence of the first application currently
running is collected. The first preorder usage sequence can be comprehended as a correlation sequence of usage
timing of applications associated with the first application currently running within a preset time period
backtracked from the current time point. As an embodiment, in response to detecting switching from Application B
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to Application A, it indicates that the switching operation on the application previously running in the foreground
is detected. In this case, the first application currently running is Application A, and the application running at the
previous time point is Application B. As such, the first preorder usage sequence of the first application currently
running (Application A) is “Application B-Application A”. As another embodiment, the first application currently
running is Application C, the application running at the previous time point is Application D, and the application
running at the time point prior to the foregoing previous time point is Application E. Application E is switched to
Application D, and Application D is then switched to Application C. As such, the first preorder usage sequence of
Application C currently running can be expressed as “Application E-Application D-Application C”. The number of
applications included in the first preorder usage sequence of the first application is not limited herein.

Within the preset time period, each time the switching operation on the application previously running in
the foreground is detected, the first preorder usage sequence of the first application currently running is collected
and set as a piece of sample usage information. As an embodiment, the preset time period is one month, and then
the first preorder usage sequence of the first application currently running is collected in response to the switching
operation on the application previously running in the foreground within one month. As an embodiment, five
thousand times of switching operations on the application previously running in the foreground are detected within
one month. As such, five thousand first preorder usage sequences are accordingly collected (sampled) in total, that
is, five thousand pieces of sample usage information. The number of applications included in each of the five
thousand first preorder usage sequences can be the same or different.

At 102, applications launched within a time-window with a preset length from a time point at which the
sample usage information is collected as a start time point are monitored, and a preset number of applications
launched first in the applications launched within the time-window are set as sample labels for the sample usage
information.

In other word, the time-window is from a starting point of collecting the sample usage information and
has a preset length.

In the embodiments of the disclosure, when target applications to be launched are predicted according to
the application prediction model established, it is usually desired that the application prediction model output
launching probabilities of a preset number of candidate applications and determine target applications to be loaded
in the candidate applications according to the launching probabilities. Therefore, when the application prediction
model is generated, the applications launched within the time-window with the preset length from the time point at
which the sample usage information is collected as the start time point are monitored, and the preset number of
applications launched first in the applications launched within the time-window are set as the sample labels for the
sample usage information. As an embodiment, when the number of the applications launched within the time-
window is greater than the preset number, the preset number of applications launched first are set as the sample
labels for the sample usage information; when the number of the applications launched within the time-window is
smaller than the preset number, all the applications launched within the time-window are set as the sample labels
for the sample usage information.

As an embodiment, a piece of sample usage information (that is, the first preorder usage sequence) is
“Application A-Application B-Application C”, and the time point at which the piece of sample usage information
is sampled is 8:00. It can be understood that, switching from Application B to Application C is detected at 8:00,
and accordingly the first preorder usage sequence of Application C running at §:00 is sampled as “Application A-
Application B-Application C” and set as a piece of sample usage information. The time-window with the preset
length is set to five minutes, and accordingly the applications launched within the time-window 8:00-8:05 are
monitored. As an embodiment, the applications launched within the time-window 8:00-8:05 are sequentially
“Application D, Application F, Application B, Application G, and Application A”. If the preset number is set to four,
Application D, Application F, Application B, and Application G will be set as the sample labels for the first
preorder usage information “Application A-Application B-Application C”. If the preset number is six, Application
D, Application E, Application B, Application G, and Application A will all be set as the sample labels for the first
preorder usage information “Application A-Application B-Application C”.

The preset number of applications launched first can be ordered at random to label the sample usage
information. As another embodiment, a launching sequence of the preset number of applications launched first can
be set as the sample label for the sample usage information, that is, label the sample usage information according
to the launching sequence of the preset number of applications launched first.

As an embodiment, the launching sequence of the preset number of applications launched first in the
applications launched within the time-window is set as the sample label for the sample usage information, which
can label the sample usage information according to the launching sequence of the preset number of applications
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launched first, thereby improving effectively accuracy of establishing the application prediction model.

As an embodiment, the sample usage information with sample labels includes the first preorder usage
sequence and the preset number of applications launched first in the applications launched within the time-window
which correspond to the first preorder usage sequence. As an embodiment, the first preorder usage sequence is
“Application A-Application B-Application C”, the launching sequence of the preset number of applications
launched first in the applications launched within the time-window which correspond to the first preorder usage
sequence is “Application D-Application F-Application B-Application G”, and accordingly the sample usage
information with sample labels can be expressed as (Application A, Application B, Application C— Application D,
Application F, Application B, Application G), where applications before the arrow (—) are the first preorder usage
sequence, and applications after the arrow are the sample labels for the first preorder usage sequence.

At 103, a predetermined machine learning model is trained based on the sample usage information and the
sample labels for the sample usage information to obtain the application prediction model.

In other words, the application prediction model is obtained by training a predetermined machine learning
model based on the sample usage information and the sample labels for the sample usage information.

In the embodiments of the disclosure, the predetermined machine learning model is trained based on the
sample usage information and the sample labels for the sample usage information acquired, to generate the
application prediction model. The predetermined machine learning model can include a recurrent neural network
(RNN), a long short-term memory (LSTM) network, a gated recurrent unit (GRU), a simple recurrent unit (SRU),
a hybrid network model, and the like.

As an embodiment, in the process of training the predetermined machine learning model based on the
sample usage information and the sample labels for the sample usage information to generate the application
prediction model, the number of units in an input layer of the application prediction model is determined according
to the number of applications included in the sample usage information (that is, the first preorder usage sequence),
and the number of units in an output layer of the application prediction model is determined according to the
number of sample labels for the sample usage information. That is to say, the number of units in the input layer of
the application prediction model can be determined according to the number of applications included in the sample
usage information, and the number of units in the output layer of the application prediction model can be
determined according to the number of sample labels for the sample usage information. As an embodiment, the
sample usage information includes a usage sequence of two applications, and the sample labels for the sample
usage information include four applications. As such, the number of units in the input layer of the application
prediction model is two, and the number of units in the output layer is four. The data format of a sample for
training during generation of the application prediction model can be expressed as (APP.,, APP_,.1, ..., APP_,
APP—APP,,, APP,, APP.;, APP.,), where (APP_,, APP_,.q, ..., APP_;, APP)) represents the first preorder
usage sequence, and (APP,;, APP.,, APP s, APP.,) represents the sample labels for the first preorder usage
sequence.

According to the method for establishing an application prediction model provided herein, the first
preorder usage sequence of the first application currently running is sampled as the sample usage information, in
response to an operation switching an application previously running in the foreground to the first application. The
applications launched within the time-window with the preset length from the time point at which the sample
usage information is collected as the start time point are monitored, and the preset number of applications launched
first in the applications launched within the time-window are set as the sample labels for the sample usage
information. Then the predetermined machine learning model is trained based on the sample usage information
and the sample labels for the sample usage information, to obtain the application prediction model. By adopting
the above technical solution, the speed of generating the application prediction model can be increased, and
accuracy of the application prediction model can be improved, thereby improving accuracy of prediction of
applications to be launched.

In some embodiments, taking the preset number of applications launched first in the applications launched
within the time-window as the sample labels for the sample usage information includes the following. Probabilities
are allocated to the preset number of applications launched first in the applications launched within the time-
window according to intervals from the start time point to launching time points of the applications launched first.
The preset number of applications and the probabilities of the preset number of applications are set as the sample
labels for the sample usage information. In this way, during establishment of the application prediction model, not
only can the applications launched within the time-window with the preset length from the time point at which the
sample usage information is collected as the start time point be determined, but also the intervals from the start
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time point to the launching time points of the applications launched first can be determined, which can further
improve accuracy of establishing the application prediction model.

As an embodiment, the preset number is N, the N applications launched first in the applications launched
within the time-window are respectively expressed as X, Xo, ..., Xy.1, X, the intervals from the start time point to
the launching time points of Applications X, X, ..., Xn.1, Xy are respectively expressed as Ty, To, ..., Tn.1, Tn- As
such, the probability allocated to Application X; is Px;=Tn/(T1+ To+...+Tn+Tx), the probability allocated to
Application X; is Pxo=Tn.1/(T1+To+...+ Tn1+Tx), and so on, and the probability allocated to Application Xy is
P)Q\]:Tll(T1+T2+ e TN_1+TN).

As an embodiment, the sample usage information with sample labels includes the first preorder usage
sequence, the preset number of applications, and the probabilities of the preset number of applications. As an
embodiment, the first preorder usage sequence is “Application F-Application H-Application G”, and the preset
number of applications launched first in the applications launched within the time window which correspond to the
first preorder usage sequence are “Application A, Application B, Application C, and Application D”. The interval
from the time point at which the first preorder usage sequence is sampled (that is, the start time point) to the
launching time point of Application A is a, the interval from the start time point to launching time point of
Application B is b, the interval from the start time point to launching time point of Application C is c, and the
interval from the start time point to launching time point of Application D is d. According to Intervals a, b, ¢, and d,
the probability allocated to Application A is Pa=d/(a+b+c+d), the probability allocated to Application B is
Pg=c/(a+b+c+d), the probability allocated to Application C is P.=b/(a+b+c+d), and the probability allocated to
Application D is Pp=a/(a+b+c+d). The shorter the interval corresponding to the application launched, that is, the
earlier the application is launched, the greater the probability is. On the contrary, the longer the interval
corresponding to the application launched, that is, the later the application is launched, the smaller the probability
is. As such, the sample usage information with sample labels can be represented by (Application F, Application H,
Application G—Application A, P,, Application B, Pg, Application C, P., Application D, Pp), where applications
before the arrow are the first preorder usage sequence, and applications and the probabilities after the arrow are the
sample labels for the first preorder usage sequence.

In some embodiments, the method further includes the following before training the predetermined
machine learning model based on the sample usage information and the sample labels for the sample usage
information. Status feature information of a terminal is acquired. The status feature information of the terminal
corresponds to the time point at which the sample usage information is collected. The predetermined machine
learning model can be trained based on the sample usage information and the sample labels for the sample usage
information as follows. The predetermined machine learning model is trained based on the status feature
information, the sample usage information, and the sample labels for the sample usage information. In this way, by
taking the sample usage information of applications and the status feature information of the terminal
corresponding to the sample usage information as source of samples for training the application prediction model,
accuracy of training the application prediction model can be further improved, thereby improving accuracy of
predicting applications to be loaded.

As an embodiment, the status feature information includes at least one of: time information, a date
category, an on/off status of a mobile data network, a connected/disconnected status of a wireless hotspot, identity
information of a connected wireless hotspot, a duration for which a current application stays in the background, a
time point at which the current application was last switched to the background, a plugging/unplugging status of an
earphone jack, a charging status, power information of a battery, a display duration of a screen, and motion status
and location information of the terminal.

The time information can be understood as a current time period corresponding to the terminal. For
example, the time information may include morning rush hour, noon, evening rush hour, working time, and rest
time. As another embodiment, the time information can also be configured by equally dividing one day with 24
hours (0:00-24:00). For example, one day is divided into 6 time periods with each time period being 4 hours. The
time information can be recorded in the form of a timestamp. The date category may include workdays and
holidays and may also be recorded in the form of a timestamp. The on/off status of the mobile data network may
include an on-status and an off-status of the mobile data network. When the mobile data network is in the on-status,
the terminal can conduct a series of Internet operations such as web browsing and the like through the mobile data
network; when the mobile data network is in the off-status, the terminal cannot conduct Internet operations such as
web browsing and the like through the mobile data network. The connection status of the wireless hotspot may
include a connected status and a disconnected status of the wireless hotspot. When the wireless hotspot is in the
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connected status, the status feature information may further include the identity information of the connected
wireless hotspot. The identity information of the connected wireless hotspot may include a service set identifier
(SSID) and a basic service set identity (BSSID). The duration for which the current application stays in the
background can be understood as a duration from when the current application is switched to the background to
when the current application is completely cleared from the background. The time point at which the current
application was last switched to the background can be understood as the moment at which the current application
was last switched to the background. According to the time point, a duration from the time point at which the
current application was last switched to the background to a current moment can be determined. The plugging and
unplugging status of the earphone jack can be understood as a connected status of an earphone and the terminal or
a disconnected status of an earphone and the terminal. The charging status includes whether the terminal is in a
charging mode, and may further include a charging mode type when the terminal is in the charging mode. The
charging mode type can include a quick charging mode and a normal charging mode. In the quick charging mode,
the terminal is charged by a quick charging power adapter (such as a power bank). In the normal charging mode,
the terminal is charged by a normal power adapter (such as an original charger of the terminal). The power
information of the battery can be understood as a current remaining power of the terminal. The display duration of
the screen can be understood as a most recent screen-on duration. The motion status may include a current speed
and/or an acceleration of the terminal. The location information can be understood as the specific location where
the terminal is currently located, including provinces, cities, districts, counties, even specific to street names,
building names, and the like.

In the embodiments of the disclosure, in response to an operation switching an application previously
running in the foreground to the first application, the first preorder usage sequence of the first application currently
running is collected as sample usage information, and meanwhile the status feature information of the terminal
corresponding to the time point at which the first preorder usage sequence is collected is acquired, that is, the
status feature information of the terminal corresponding to the time point at which the sample usage information is
collected is acquired. The application prediction model is generated, by training the predetermined machine
learning model based on the status feature information, the sample usage information, and the sample labels for the
sample usage information. In this way, the data format of a sample for training during generation of the application
prediction model is (APP,,, APP_,1, ..., APP_;, APP,, Feature 1, Feature 2, ..., Feature m—APP, |, APP,,, APP3,
APP,), where (APP.,,, APP_,.1, ..., APP.y, APP,) represents the first preorder usage sequence (that is, the first
preorder usage sequence of APP, running at Time Point t), (APP;, APP,, APP,,3;, APP ) represents the sample
labels for the first preorder usage sequence, and (Feature 1, Feature 2, ..., Feature m) represents the status feature
information of the terminal corresponding to Time Point t (that is, the status feature information of the terminal
corresponding to the time point at which the sample usage information is collected), where n is an integer greater
than or equal to 1, and m is also an integer greater than or equal to 1.

In some embodiments, the predetermined machine learning model is a hybrid network model, and the
hybrid network model includes an RNN sub-model and a fully-connected network sub-model built based on a fully
connected layer. An output layer of the RNN sub-model and an output layer of the fully-connected network sub-
model build the hybrid network model based on a full connection relationship. Accordingly, training the
predetermined machine learning model based on the status feature information, the sample usage information, and
the sample labels for the sample usage information includes the following. The hybrid network model is trained,
by inputting the sample usage information and the sample labels for the sample usage information to the RNN sub-
model and inputting the status feature information to the fully-connected network sub-model. In this way, with aid
of the hybrid network model built by the RNN sub-model and the fully-connected network sub-model, the sample
usage information, the sample labels for the sample usage information, and the information on status of the
terminal corresponding to the sample usage information are trained, which is possible to further improve accuracy
of training the application prediction model, thereby further improving accuracy of prediction of applications to be
launched.

As an embodiment, the preset number is N, and accordingly the data format of a sample for training
during generation of the application prediction model is (APP,,, APP .1, ..., APP_;, APP—APP,, APP,, APP,,
APP.4) (APP.,, APP_..1, ..., APP_;, APP, Feature 1, Feature 2, ..., Feature m—APP,,, APP,, ..., APP.,y). Input
the sample usage information and the sample labels for the sample usage information of data of each sample for
training to the RNN sub-model in the hybrid network model, that is, input (APP.,, APP ., ..., APP,
APP—APP,,;, APP,, ..., APPy) to the RNN sub-model in the hybrid network model. The sample usage
information represents a preorder usage sequence of an application, and the sample labels represent applications
predicted to be launched, that is, the number of units in the output layer of the hybrid network model is equal to the
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number of the sample labels. At the same time, input the status feature information to the fully-connected network
sub-model, to train the hybrid network model. FIG. 2 is a block diagram illustrating a hybrid network model
according to an embodiment of the present disclosure. As illustrated in FIG. 2, input (APP,, APP 1, ..., APP4,
APP—APP,,;, APP,, ..., APP,y) to the RNN sub-model 201 in the hybrid network model, that is, take (APP_,,
APPy 41, ..., APPL, APP—APP, |, APP,,, ..., APP,y) as data for training of the RNN sub-model 201, and
meanwhile, input status feature information (Feature 1, Feature 2, ..., Feature m) to the fully-connected network
sub-model 202 in the hybrid network model. The application prediction model is generated by training the above
sample data.

The application prediction model is configured to predict applications to be launched. In some
embodiments, the preset number is N, and the method further includes the following after obtaining the application
prediction model. A second preorder usage sequence of a second application currently running of a terminal is
acquired, in response to an event of application preloading prediction being triggered. The second preorder usage
sequence is input to the application prediction model. N target applications to be launched are predicted according
to an output result of the application prediction model. The N target applications are preloaded. As such, not only
can technical problems such as preloading too many resources of applications, occupying too many resources,
increasing power consumption, and even affecting smoothness of the terminal in use be solved, but also accuracy
of predicting applications to be launched can be effectively improved, thereby further reducing power consumption
of a system of the terminal and occupancy of storage and optimizing mechanisms for application preloading.

In the embodiments of the disclosure, in response to the event of application preloading prediction being
triggered, the second preorder usage sequence of the second application currently running of the terminal is
acquired, to manage and control application preloading.

As an embodiment, in response to detecting that a new application is launched, that is, in response to
detecting the switching operation on the application previously running in the foreground, the event of application
preloading prediction is triggered. As another embodiment, in response to clicking actively, by the user, to enable
(that is, switch on) permission for application preloading prediction, the event of application preloading prediction
is triggered. The representation in which the event of application preloading prediction is triggered is not limited
herein.

In the embodiments of the disclosure, in response to the event of application preloading prediction being
triggered, the second preorder usage sequence of the second application currently running in the terminal is
acquired. The second preorder usage sequence can be comprehended as a correlation sequence of usage timing of
applications associated with the second application currently running. As an embodiment, the second application
currently running is Application F, and the second preorder usage sequence is “Application H-Application F”. The
first application is an application running at the time point at which the sample usage information is collected
during training of the application prediction model, whereas the second application is an application running at a
time point of application preloading prediction when it is necessary to predict applications to be launched. The
acquired second preorder usage sequence of the second application currently running is input to the application
prediction model, and then the second preorder usage sequence is analyzed by the application prediction model,
whereby the N target applications to be launched are obtained, and the N target applications are preloaded.

In some embodiments, the N target applications are preloaded as follows. Application interfaces of the N
target applications are preloaded based on a pre-established preloading active-window stack. The pre-established
preloading active-window stack has boundary coordinates located beyond the coordinate range of a display screen.
As such, application interfaces of applications which need to be preloaded can be preloaded based on a preloading
active-window stack established outside the display screen. Such a manner of preloading can achieve preparation
to a great extent before launching of applications and increase launching speed of target applications without
interfering with displayed content of the application running in the foreground on the display screen.

In the embodiments of the disclosure, an active-window can be understood as a separate interface that
provides interaction and operation directly to the user. In different operating systems the interface can be referred
to as different terms. To facilitate understanding, Android® operating system is set as an example for the following
detailed description.

In Android® system, the active-window is named “Activity”. The Activity is a component responsible for
interacting with the user. The Activity provides a screen (which can be understood as a screen interface rather than
a physical display screen) for the user to interact with to complete a certain task. In an Android® application, an
Activity is usually a separate screen on which some controls can be displayed, and the separate screen can also
monitor and handle events of the user. In the management of the Activity, there are two concepts: Task (task stack)
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and Stack (active-window stack). The Task corresponds to an application and is configured to store the Activity.
One or more Activities can be stored in one Task, and these Activities follow a principle of “first in, last out; last in,
first out”. However, the Stack is configured to manage the Task. In general, one Stack manages Tasks to which
each Activity to be displayed on one screen belongs, and one Stack can manage one or more Tasks. The Stack also
follows basic management principles of stacks. The screen described herein is not necessarily a complete and
separate display screen. Taking “two screens” as an example, the two screens can be just two arcas that
independently display their respective contents on a complete display screen. The “two screens” can also be two
separate display screens when the terminal has two or even more than two separate display screens.

In Android® system, a multi-window mode is supported, and the multi-window mode can include a split-
screen mode, a picture-in-picture mode, and a free mode (that is, FreeForm). In the multi-window mode, the Stack
on which the application is located can have its own size and can include a top coordinate, a bottom coordinate, a
left coordinate, and a right coordinate in a coordinate system with the top left corner of the terminal screen as the
origin. For example, boundaries of a rectangle are generally described as (a, b, ¢, d) and can be represented by
coordinates of the top left corner and coordinates of the bottom right corner of the rectangle. The coordinates of the
top left corner are (a, b) and the coordinates of the bottom right corner are (c, d). Such a rectangular area then
corresponds to the size of the Stack. An in-application layout in the Stack is based on the size of the Stack, that is,
the application interface corresponding to the Activity is displayed within the bounds of the size.

In the multi-window mode, multiple applications can be allowed to be visible (to both the system and the
user or to the system only). When an application is visible to both the system and the user, it means that the
application is displayed on the display screen and can be seen by the user. When an application is visible to the
system only, it means that the application is only visible to the operating system and however invisible to the user,
and the application may be occluded by a foreground application, or displayed outside the display screen as
implemented in the embodiments of the present disclosure.

In the embodiments of the present disclosure, the application interfaces of the target applications can be
preloaded outside the display screen according to a multi-window mechanism of the operating system. With the
multi-window mechanism, the size corresponding to the application can be set outside the display screen to
achieve the purpose of invisibility to the user, whereby displayed content of the foreground application on the
display screen will not be affected.

In general, in the multi-window mode, there can be multiple types of Stacks, such as Home Stack, APP
Stack, other split-screen Stacks, and the like. The Home Stack represents a stack for display of desktop
applications. The App Stack represents a stack for display of third-party applications. Content included in the
above three types of Stacks can be displayed on the display screen and the above three types of Stacks are all
named “application active-window stack” in the embodiments of the disclosure. In the embodiments of the
disclosure, a preloading active-window stack (that is, preloading Stack) is added to represent a stack for display of
a preloaded application. The boundary coordinates of the preloading Stack are set beyond the coordinate range of
the display screen, and the application to-be preloaded can be displayed on the Stack. For Android® system, a new
Stack dedicated to displaying preloaded applications can be established according to the multi-window mechanism
of Android® system. In the embodiments of the present disclosure, the reason for which the new Stack is
established is that the new preloading Stack established can have its own size and visibility, thus achieving the
purpose of preloading outside the display screen.

In the embodiments of the present disclosure, the time for establishing the preloading Stack is not limited.
The preloading Stack can be set to be resident by default before the terminal is shipped, that is, the preloading
stack always exists. The preloading Stack can also be established after the terminal is turned on or unlocked.
Alternatively, the preloading Stack can be established after an event of application preloading is triggered (before
the target applications are determined), and the like. As an embodiment, the application interfaces of the target
applications are preloaded based on the pre-established preloading active-window stack as follows. Whether the
pre-established preloading active-window stack exists is determined. When the pre-established preloading active-
window stack is absent, a preloading active-window stack is established according to a preset principle. The
application interfaces of the target applications are preloaded according to the preloading active-window stack
established. In this way, whether the preloading Stack exists is determined after the target applications to-be-
preloaded are determined. If so, it is unnecessary to establish a new stack, and if not, the preloading Stack is
established, so that system resources can be saved. As an embodiment, when there are multiple target applications,
that is, when multiple applications need to be preloaded continuously in a short time period, since the preloading
stack is established before a first target application starts to be preloaded, the preloading stack still exists before a
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second target application starts to be preloaded, and it is not necessary to determine as above before the second
target application starts to be preloaded.

In the embodiments of the present disclosure, the process for preloading the application interfaces of the
target applications based on the preloading Stack is not limited. For example, the application interface can be
drawn and displayed according to a size of the preloading Stack.

In some embodiments, the application interfaces of the target applications are preloaded based on the pre-
established preloading active-window stack as follows. A target process for the target applications is established. A
task stack for the target applications is established in the pre-established preloading active-window stack. An
active-window for the target applications is launched in the task stack according to the target process. The
application interfaces of the target applications are drawn and displayed according to the active-window launched.
As such, it is possible to draw and display the application interfaces of the target applications according to the
preloading active-window stack that is located beyond the coordinate range of the display screen, without
interfering with running and display of the foreground application, so as to ensure system stability and meanwhile
effectively increase the speed of launching the target applications. While the target process is established, an
initiation procedure of the target process can be included. During execution of the foregoing operations, preloading
of other resources may also be involved, such as launching of application service, memory allocation, file content
reading, network data acquisition, and the like. Preloading procedures of other resources are not limited in the
embodiments of the present disclosure.

In some embodiments, the method further includes the following while preloading the N target
applications. It is determined whether a launching operation for a predetermined code path of the second
application is monitored. Suspend preloading of the N target applications, in response to determining that the
launching operation for the preset code path is monitored. As such, during preloading of applications to be
launched, smoothness of the application currently running can be effectively ensured, to enable the application
currently running to be used normally, thus satisfying user needs.

In the embodiments of the disclosure, while preloading N target applications, it is determined whether a
launching operation for a predetermined code path of an application currently running is monitored. If yes,
suspend preloading of the N target applications. During preloading of the N target applications, the second
application currently running may still be in use by the user with some related functions enabled. The
predetermined code path can include a code path which needs to be accessed from when an application is to be
launched to when the application is completely launched. As an embodiment, the second application currently
running is Application D, and Function a of Application D needs to be enabled by the user. In this case, Code Path
al corresponding to Function a needs to be accessed and launched. If the predetermined code path of Application
D includes Code Path al, Code Path bl, and Code Path cl, it indicates that the launching operation for the
predetermined code path of the application currently running is monitored, and accordingly preloading of the N
target applications is suspended for fear that preloading of the target applications should affect normal use of the
application currently running. As an embodiment, in response to monitoring that the launching operation for the
predetermined code path of the second application is completed, restore preloading of the N target applications. As
an embodiment, in response to detecting that a time point at which Function a is triggered and enabled by the user
is t1 (that is, a time point at which Code Path al is triggered and launched is t1) and detecting that a time point at
which Code Path al is completely loaded is t2, preloading of the N target applications is suspended within time
period tl to t2. As an embodiment, Application A is being preloaded at time point tl1, and then preloading of
Application A is suspended within time period tl to t2. After time point t2, preloading of Application A will be
restored, and other target applications that are not yet preloaded will be preloaded.

In some embodiments, the N target applications are preloaded as follows. Central processing unit (CPU)
utilization of the terminal is acquired. When the CPU utilization is smaller than a preset utilization threshold, the N
target applications are preloaded. As another embodiment, remaining storage capacity of the terminal is acquired.
When the remaining storage capacity is greater than a preset storage threshold, the N target applications are
preloaded. In this way, without affecting normal use of the application currently running, applications to be
launched are preloaded, thereby satisfying user needs.

The CPU utilization refers to the percentage of total resources of CPU occupied by all applications
currently running in the terminal. The higher CPU utilization, the more resources of CPU occupied by all
applications currently running in the terminal, the slower the response of the terminal. On the contrary, the lower
CPU utilization, the fewer resources of CPU occupied by all applications currently running in the terminal, the
quicker the response of the terminal. When the CPU utilization of the terminal is lower than the preset utilization
threshold, it indicates that more CPU resources of the terminal device are available, and preloading of the target
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applications will not affect normal use of the application currently running, nor will it affect the processing speed
of the terminal. Therefore, when the CPU utilization of the terminal is lower than the preset utilization threshold,
the N target applications are preloaded.

The remaining storage capacity reflects the amount of storage space available in the terminal. A greater
remaining storage capacity indicates more storage space available in the terminal. On the contrary, a smaller
remaining storage capacity indicates less storage space available in the terminal. When the remaining storage
capacity of the terminal is greater than the preset storage threshold, it indicates that much storage space in the
terminal is available, and preloading of the target applications will not affect normal use of the application
currently running, nor will it affect the processing speed of the terminal. Therefore, when the remaining storage
capacity of the terminal is greater than the preset storage threshold, the N target applications are preloaded.

In some embodiments, the N target applications are preloaded as follows. The N target applications are
recorded in a list of applications to be preloaded. Each of the target applications in the list of applications to be
preloaded is preloaded sequentially at an interval of a preset time period for preloading until all the N target
applications are completely loaded. In this way, stuttering of the terminal due to preloading of the target
applications can be avoided.

In the embodiments of the disclosure, prealoding of multiple target applications at the same time is
equivalent to launching the multiple target applications at the same time, which will easily result in stuttering of
the terminal, thus affect use of the application currently running, and bring about a poor user experience. Therefore,
when the multiple target applications are included, that is, N is an integer greater than or equal than two, time
points for preloading of the N target applications are made staggered (that is, different) through an effective
strategy for preloading. As an embodiment, N equals 5, that is, there are five target applications to be launched,
which are respectively Application A, Application B, Application C, Application D, and Application E. The above
five applications are added to the list of applications to be preloaded, that is, Application A, Application B,
Application C, Application D, and Application E compose the list of applications to be preloaded. As an
embodiment, the target applications in the list of applications to be preloaded are arranged in a descending order of
launching probabilities. Each of the target applications in the list of applications to be preloaded is preloaded at
intervals of the preset time period for preloading. As an embodiment, the above five applications are arranged in a
descending order of launching probabilities as follows: Application C, Application B, Application A, Application E,
and Application D. Since launching of an application usually takes 2s to 6s (seconds) and does not exceed 10s in
general, the preset time period for preloading can be set to 10s. As such, Application C is first preloaded, then
Application B is preloaded after 10s, thereafter Application A is preloaded the 10" second after Application B is
preloaded, and so on until all the target applications are completely loaded. While preloading the N target
applications, in response to a launching operation on an application, suspend preloading of the target applications,
take the application which was last launched as the application currently running, and predict once again target
applications to be launched.

FIG. 3 is a flowchart illustrating another method for establishing an application prediction model
according to another embodiment of the present disclosure. The method includes the following. Specifically,
operations corresponding to FIG. 3 illustrate how to establish an application prediction model according to sample
usage information, sample label for the sample usage information, and information on status of a terminal.

At 301, a first preorder usage sequence of a first application currently running is collected as sample usage
information, in response to an operation switching an application previously running in the foreground to the first
application.

At 302, applications launched within a time-window with a preset length from a time point at which the
sample usage information is collected as a start time point are monitored, and a launching sequence of a preset
number of applications launched first in the applications launched within the time-window is set as a sample label
for the sample usage information.

At 303, status feature information of a terminal corresponding to the time point at which the sample usage
information is collected is acquired.

As an embodiment, the status feature information includes at least one of: time information, a date
category, an on/off status of a mobile data network, a connected/disconnected status of a wireless hotspot, identity
information of a connected wireless hotspot, a duration for which a current application stays in the background, a
time point at which the current application was last switched to the background, a plugging/unplugging status of an
earphone jack, a charging status, power information of a battery, a display duration of a screen, and motion status
and location information of the terminal.

The order in which the operation at 302 and the operation at 303 are performed is not limited herein. The
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operation at 302 may be performed first and then followed by the operation at 303, or the operation at 303 may be
performed first and then followed by the operation at 302, or the operation at 302 and the operation at 303 may be
performed simultaneously.

At 304, the hybrid network model is trained by inputting the sample usage information and the sample
label for the sample usage information to the RNN sub-model and inputting the status feature information to the
fully-connected network sub-model, to obtain the application prediction model.

In other words, the application prediction model is obtained, by training the hybrid network model by
inputting the sample usage information and the sample label for the sample usage information to the RNN sub-
model and inputting the status feature information to the fully-connected network sub-model.

According to the method for establishing an application prediction model provided herein, the application
prediction model can be generated by training the hybrid network model built by the RNN sub-model and the
fully-connected network sub-model based on usage regularity of applications corresponding to the information on
historical status feature of the terminal, which is possible to further optimize mechanisms for application
preloading and improve accuracy of predicting applications to be launched.

FIG. 4 is a flowchart illustrating a method for establishing an application prediction model according to
yet another embodiment of the present disclosure. The method includes the following. Specifically, operations
corresponding to FIG. 4 illustrate how to establish an application prediction model and how to predict applications
to be launched according to the application prediction model.

At 401, a first preorder usage sequence of a first application currently running is collected as sample usage
information, in response to an operation switching an application previously running in the foreground to the first
application.

At 402, applications launched within a time-window with a preset length from a time point at which the
sample usage information is collected as a start time point are monitored, and N applications launched first in the
applications launched within the time-window are set as sample labels for the sample usage information.

At 403, the predetermined machine learning model is trained based on the sample usage information and
the sample labels for the sample usage information, to obtain the application prediction model.

At 404, a second preorder usage sequence of a second application currently running of a terminal is
acquired, in response to an event of application preloading prediction being triggered.

At 405, the second preorder usage sequence is input to the application prediction model.

At 406, N target applications to be launched are predicted according to an output result of the application
prediction model.

At 407, the N target applications are preloaded.

According to the method for establishing an application prediction model, the speed of generating the
application prediction model can be effectively increased, accuracy of the application prediction model can be
improved, and accuracy of predicting applications to be launched can be improved when the applications to be
launched are predicted.

FIG. 5 is a flowchart illustrating a method for establishing an application prediction model according to
still another embodiment of the present disclosure. The method includes the following. Specifically, operations
corresponding to FIG. 5 illustrate how to establish an application prediction model and how to predict applications
to be launched according to the application prediction model.

At 501, a first preorder usage sequence of a first application currently running as sample usage
information is collected, in response to an operation switching an application previously running in the foreground
to the first application.

At 502, applications launched within a time-window with a preset length from a time point at which the
sample usage information is collected as a start time point are monitored.

At 503, probabilities are allocated to N applications launched first in the applications launched within the
time-window according to intervals from the start time point to launching time points of the N applications
launched first.

At 504, the N applications and the probabilities of the N applications are set as the sample labels for the
sample usage information.

At 505, status feature information of a terminal corresponding to the time point at which the sample usage
information is collected is acquired.

As an embodiment, the status feature information includes at least one of: time information, a date
category, an on/off status of a mobile data network, a connected/disconnected status of a wireless hotspot, identity
information of a connected wireless hotspot, a duration for which a current application stays in the background, a
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time point at which the current application was last switched to the background, a plugging/unplugging status of an
earphone jack, a charging status, power information of a battery, a display duration of a screen, and motion status
and location information of the terminal.

At 506, the hybrid network model is trained by inputting the sample usage information and the sample
labels for the sample usage information to the RNN sub-model and inputting the status feature information to the
fully-connected network sub-model, to obtain the application prediction model.

At 507, a second preorder usage sequence of a second application currently running of the terminal and
current status feature information (in other words, information on current status feature) of the terminal are
acquired, in response to an event of application preloading prediction being triggered. The current status feature
information of the terminal corresponds to a time point at which the second preorder usage sequence is acquired.

At 508, the second preorder usage sequence is input to the RNN sub-model of the application prediction
model, and the current status feature information is input to the fully-connected network sub-model of the
application prediction model.

At 509, N target applications to be launched are predicted according to an output result of the application
prediction model.

At 510, application interfaces of the N target applications are preloaded based on a pre-established
preloading active-window stack. The pre-established preloading active-window stack has boundary coordinates
located beyond the coordinate range of a display screen.

According to the method for establishing an application prediction model provided herein, during
establishment of the application prediction model, not only can the applications launched within the time-window
with the preset length from the time point at which the sample usage information is collected as the start time point
be determined, but also the intervals from the start time point to the launching time points of the applications
launched can be determined, which is possible to further improve accuracy of establishing the application
prediction model. In addition, application interfaces of applications to be preloaded can be preloaded based on a
preloading active-window stack established outside the display screen. Such a manner of preloading can make
preparation for launching of applications to a great extent, which increases launching speed of applications without
interfering with content displayed on the display screen of the application running in the foreground.

FIG. 6 is a block diagram illustrating an apparatus for establishing an application prediction model
according to an embodiment of the present disclosure. The apparatus can be implemented in software and/or
hardware and is usually integrated into a terminal. The application prediction model can be obtained by the
apparatus for establishing an application prediction model by performing the method for establishing an
application prediction model. As illustrated in FIG. 6, the apparatus includes a first sequence sampling module 601,
an application monitoring module 602, and a prediction model training module 603.

The first sequence sampling module 601 is configured to collect a first preorder usage sequence of a first
application currently running as sample usage information, in response to an operation switching an application
previously running in the foreground to the first application.

The application monitoring module 602 is configured to monitor applications launched within a time-
window with a preset length from a time point at which the sample usage information is collected as a start time
point, and set a preset number of applications launched first in the applications launched within the time-window
as sample labels for the sample usage information.

The prediction model training module 603 is configured to train a predetermined machine learning model
based on the sample usage information and the sample labels for the sample usage information to obtain the
application prediction model.

With aid of the apparatus for establishing an application prediction model provided herein, the first
preorder usage sequence of the first application currently running is collected as the sample usage information, in
response to the operation switching the application previously running in the foreground to the first application.
The applications launched within the time-window with the preset length from the time point at which the sample
usage information is collected as the start time point are monitored, and the preset number of applications launched
first in the applications launched within the time-window are set as the sample labels for the sample usage
information. Then the predetermined machine learning model is trained based on the sample usage information
and the sample labels for the sample usage information to obtain the application prediction model. By adopting the
above technical solution, speed of generating the application prediction model is effectively increased, and
accuracy of the application prediction model is effectively improved, thereby improving accuracy of predicting
applications to be launched.

In some embodiments, the application monitoring module 602 configured to take the preset number of
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applications launched first in the applications launched within the time-window as the sample labels for the sample
usage information is configured to set a launching sequence of the preset number of applications launched first in
the applications launched within the time-window as the sample label for the sample usage information.

In some embodiments, the application monitoring module 602 configured to take the preset number of
applications launched first in the applications launched within the time-window as the sample labels for the sample
usage information is configured to allocate probabilities to the preset number of applications launched first in the
applications launched within the time-window according to intervals from the start time point to launching time
points of the applications launched first, and set the preset number of applications and the probabilities of the
preset number of applications as the sample labels for the sample usage information.

In some embodiments, the apparatus further includes a feature information acquiring module. The feature
information acquiring module is configured to acquire status feature information of a terminal corresponding to the
time point at which the sample usage information is collected before training the predetermined machine learning
model based on the sample usage information and the sample labels for the sample usage information.

The prediction model training module further includes a prediction model training unit. The prediction
model training unit is configured to train the predetermined machine learning model based on the status feature
information, the sample usage information, and the sample labels for the sample usage information.

In some embodiments, the predetermined machine learning model is a hybrid network model. The hybrid
network model includes an RNN sub-model and a fully-connected network sub-model built based on a fully
connected layer, and an output layer of the RNN sub-model and an output layer of the fully-connected network
sub-model build the hybrid network model based on a full connection relationship.

The prediction model training unit is configured to train the hybrid network model, by inputting the
sample usage information and the sample labels for the sample usage information to the RNN sub-model and
inputting the status feature information to the fully-connected network sub-model.

In some embodiments, the status feature information includes at least one of: time information, a date
category, an on/off status of a mobile data network, a connected/disconnected status of a wireless hotspot, identity
information of a connected wireless hotspot, a duration for which a current application stays in the background, a
time point at which the current application was last switched to the background, a plugging/unplugging status of an
earphone jack, a charging status, power information of a battery, a display duration of a screen, and motion status
and location information of the terminal.

In some embodiments, the apparatus further includes a second sequence acquiring module, a second
sequence inputting module, an application predicting module, and an application preloading module.

The second sequence acquiring module is configured to acquire a second preorder usage sequence of a
second application currently running of a terminal, in response to an event of application preloading prediction
being triggered, after the application prediction model is obtained, where the preset number is N.

The second sequence inputting module is configured to input the second preorder usage sequence to the
application prediction model.

The application predicting module is configured to predict N target applications to be launched according
to an output result of the application prediction model. The application preloading module is configured to preload
the N target applications.

In some embodiments, the application preloading module is configured to preload application interfaces
of the N target applications based on a pre-established preloading active-window stack. The pre-established
preloading active-window stack has boundary coordinates located beyond the coordinate range of a display screen.

In some embodiments, during preloading the N target applications, whether a launching operation for a
predetermined code path of the second application is monitored is determined. Preloading of the N target
applications is suspended, in response to determining that the launching operation for the preset code path is
monitored.

In the embodiments of the present disclosure, the units or sub-units can refer an application-specific
integrated circuit (ASIC), a processor, a memory configured to implement one or more software or hardware
programs, a integrated logical circuit, and/or other devices that can provide above functions. In addition, the above
units or sub-units can be implemented via the processor of terminal device illustrated in FIG. 7.

A non-transitory storage medium including computer executable instructions is further provided in
embodiments of the disclosure. The computer executable instructions are configured to execute the method for
establishing an application prediction model when executed by a processor. The method includes the following.

A first preorder usage sequence of a first application currently running is collected as sample usage
information, in response to an operation switching an application previously running in the foreground to the first
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application. Applications launched within a time-window with a preset length from a time point at which the
sample usage information is collected as a start time point are monitored, and a preset number of applications
launched first in the applications launched within the time-window are set as sample labels for the sample usage
information. A predetermined machine learning model is obtained based on the sample usage information and the
sample labels for the sample usage information to obtain the application prediction model.

The storage medium refers to any of various types of memory devices or storage devices. The term
“storage medium” is intended to include: a mounting medium such as a compact disc read-only memory (CD-
ROM), a floppy disk, or a tape device; a computer system memory or a random access memory such as a dynamic
random access memory (DRAM), a double data rate random access memory (DDRRAM), a static random access
memory (SRAM), an extended data output random access memory (EDORAM) and a Rambus random access
memory (Rambus RAM); a non-transitory memory such as a flash memory and a magnetic medium (such as a
hard disk or an optical memory); a register and other similar types of memory elements, and the like. The storage
medium can also include other types of memory or a combination thereof. In addition, the storage medium can be
located in a first computer system in which a program is executed, or can be located in a second computer system
coupled to the first computer system via a network, such as the Internet. The second computer system can provide
program instructions to the first computer for execution. The term “storage medium” can include two or more
storage media that can reside in different locations (e.g. different computer systems connected through a network).
The storage medium can store program instructions which are, for example, implemented as computer programs
and are executable by one or more processors.

The computer executable instructions included in the storage medium provided herein are not limited to
executing the operations of establishing an application prediction model as described above, and can also execute
relevant operations of the method for establishing an application prediction model according to any of the
embodiments of the disclosure.

A terminal is provided in embodiments of the disclosure, into which the apparatus for establishing an
application prediction model of the embodiments of the disclosure can be integrated. FIG. 7 is a block diagram
illustrating a terminal according to an embodiment of the present disclosure. The terminal 700 includes memory
701, a processor 702, and computer programs which are stored in the memory and capable of running on the
processor. The computer programs are configured to execute the method for establishing an application prediction
model when executed by the processor 702.

With aid of the terminal provided herein, speed of generating the application prediction model can be
increased, and accuracy of the application prediction model can be improved, thereby improving accuracy of
predicting applications to be launched.

FIG. 8 is a block diagram illustrating another terminal according to an embodiment of the present
disclosure. The terminal includes a housing (not illustrated), a memory 801, and a central processing unit (CPU)
802 (also referred to as a processor, hereinafter “CPU” for short), a circuit board (not illustrated), and a power
supply circuit (not illustrated). The circuit board is disposed inside a space defined by the housing. The CPU 802
and the memory 801 are disposed on the circuit board. The power supply circuit is configured to supply power to
each circuit or component of the terminal. The memory 801 is configured to store executable program codes. The
CPU 802 is configured to run a computer program corresponding to the executable program codes by reading the
executable program codes stored in the memory 801 to carry out the following operations.

A first preorder usage sequence of a first application currently running is collected as sample usage
information, in response to an operation switching an application previously running in the foreground to the first
application. Applications launched within a time-window with a preset length from a time point at which the
sample usage information is collected as a start time point are monitored, and a preset number of applications
launched first in the applications launched within the time-window are set as sample labels for the sample usage
information. A predetermined machine learning model is trained based on the sample usage information and the
sample labels for the sample usage information to obtain the application prediction model.

The terminal further includes a peripheral interface 803, a radio frequency (RF) circuit 805, an audio
circuit 806, a speaker 811, a power management chip 808, an input/output (I/0) subsystem 809, other input/control
devices 810, a touch screen 812, other input/control devices 8§10, and an external port 804, which communicate
with each other via one or more communication buses or signal lines 807.

It should be understood that, the terminal 800 illustrated is just exemplary and the terminal 800 can have
more or fewer components than those illustrated in FIG. 8. For example, two or more components can be combined,
or different component configurations can be adopted in the terminal. The various components illustrated in FIG. 8
can be implemented in hardware, software, or a combination thereof including one or more signal processing
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and/or application specific integrated circuits.

The following will describe in detail a mobile phone as an example of the terminal for establishing an
application prediction model.

The memory 801 is accessible to the CPU 802, the peripheral interface 803, and so on. The memory 801
can include a high-speed random access memory and can further include a non-transitory memory such as one or
more magnetic disk storage devices, flash memory devices, or other transitory solid-state memory devices.

The peripheral interface 803 is configured to connect the input and output peripherals of the device to the
CPU 802 and the memory 801.

The /O subsystem 809 is configured to connect the input and the output peripherals such as the touch
screen 812 and other input/control devices 810 to the peripheral interface 803. The I/O subsystem 809 can include
a display controller 8091 and one or more input controllers 8092 configured to control other input/control devices
810. The one or more input controllers 8092 are configured to receive electrical signals from or send electrical
signals to other input/control devices 810, where other input/control devices 810 can include a physical button (a
press button, a rocker button, etc.), a dial, a slide switch, a joystick, or a click wheel. It should be noted that the
input controller 8092 can be coupled with any of a keyboard, an infrared port, a universal serial bus (USB)
interface, and a pointing apparatus such as a mouse.

The touch screen 812 functions as an input interface and an output interface between a terminal and a user,
and is configured to display a visual output to the user. The visual output can include graphics, text, icons, videos,
and the like.

The display controller 8091 in the I/O subsystem 809 is configured to receive an electrical signal from or
send an electrical signal to the touch screen §12. The touch screen 812 is configured to detect contact on the touch
screen. The display controller 8091 is configured to convert the contact detected into an interaction with a user
interface object displayed on the touch screen 812, that is, to realize human-computer interaction. The user
interface object displayed on the touch screen 812 can be an icon of a running game, an icon indicating connection
to corresponding networks, and the like. It should be noted that, the device can also include a light mouse, which is
a touch-sensitive surface that does not display a visual output, or can be an extension of a touch-sensitive surface
formed by the touch screen.

The RF circuit 805 is configured to establish communication between a mobile phone and a wireless
network (i.e. network side), to transmit and receive data between the mobile phone and the wireless network, such
as transmitting and receive short messages, emails, and the like. The RF circuit 805 is configured to receive and
transmit RF signals (also known as electromagnetic signals), to convert an electrical signal into an electromagnetic
signal or convert an electromagnetic signal into an electrical signal, and to communicate with a communication
network and other devices through electromagnetic signals. The RF circuit 805 can include known circuits for
performing these functions, including but not limited to an antenna system, an RF transceiver, one or more
amplifiers, a tuner, one or more oscillators, a digital signal processor, a coder-decoder (CODEC) chipset, a
subscriber identity module (SIM), and so on.

The audio circuit 806 is configured to receive audio data from the peripheral interface 803, to convert the
audio data into an electrical signal, and to transmit the electrical signal to the speaker 811.

The speaker 811 is configured to restore the voice signal received by the mobile phone from the wireless
network via the RF circuit 805 to sound and to play the sound to the user.

The power management chip 808 is configured for power supply and power management of the hardware
connected to the CPU 802, the I/0 subsystem 809, and the peripheral interfaces 803.

The apparatus for establishing an application prediction model, the storage medium, and the terminal of
the above embodiments can execute the method for establishing an application prediction model of any of the
above embodiments and have corresponding functional modules and advantages of executing the method. For
technical details not described herein, reference can be made to the description of the method for establishing an
application prediction model.

The above are only some embodiments of the present disclosure and the technical principles applied
thereto. Those skilled in the art will appreciate that the present disclosure is not limited to the embodiments
described herein, and that various changes, modifications, and substitutions can be made by those skilled in the art
without departing from the scope of the disclosure. Therefore, while the disclosure has been described in
connection with certain embodiments, it is to be understood that the disclosure is not to be limited to the disclosed
embodiments but, on the contrary, is intended to cover various equivalent embodiments included within the scope
of the disclosure. The scope of the disclosure is determined by the scope of the appended claims.
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CLAIMS

1. A method for establishing an application prediction model, comprising:

collecting (101, 301, 401, 501) a first preorder usage sequence of a first application currently running as
sample usage information, in response to an operation switching an application previously running in the
foreground to the first application;

monitoring (102, 302, 402) applications launched within a time-window from a starting point of collecting
the sample usage information and having a preset length, and setting a preset number of applications launched first
in the applications launched within the time-window as sample labels for the sample usage information; and

training (103, 403), based on the sample usage information and the sample labels of the sample usage
information, a predetermined machine learning model, to obtain an application prediction model.

2. The method of claim 1, wherein setting the preset number of applications launched first in the applications
launched within the time-window as the sample labels for the sample usage information comprises:
setting a launching sequence of the preset number of applications as the sample label.

3. The method of claim 1, wherein setting the preset number of applications launched first in the applications
launched within the time-window as the sample labels for the sample usage information comprises:

allocating (503) probabilities to the preset number of applications launched first in the applications
launched within the time-window according to intervals from the start time point to launching time points of the
applications launched first; and

setting (504) the preset number of applications and the probabilities of the preset number of applications
as the sample labels for the sample usage information.

4. The method of any of claims 1 to 3, further comprising:
acquiring (303, 505) status feature information of a terminal corresponding to the time point at which the
sample usage information is collected;
wherein training the predetermined machine learning model based on the sample usage information and
the sample labels for the sample usage information comprises:
training the predetermined machine learning model based on the status feature information, the
sample usage information, and the sample labels for the sample usage information.

5. The method of claim 4, wherein the predetermined machine learning model is a hybrid network model,
the hybrid network model comprises a recurrent neural network, RNN, sub-model and a fully-connected network
sub-model built based on a fully connected layer, and an output layer of the RNN sub-model and an output layer of
the fully-connected network sub-model build the hybrid network model based on a full connection relationship;
wherein training the predetermined machine learning model based on the status feature information, the
sample usage information, and the sample labels for the sample usage information comprises:
training (304, 506) the hybrid network model, by inputting the sample usage information and the
sample labels for the sample usage information to the RNN sub-model and inputting the status feature
information to the fully-connected network sub-model.

6. The method of claim 4 or 5, wherein the status feature information comprises at least one of:

time information, a date category, an on/off status of a mobile data network, a connected/disconnected
status of a wireless hotspot, identity information of a connected wireless hotspot, a duration for which a current
application stays in the background, a time point at which the current application was last switched to the
background, a plugging/unplugging status of an earphone jack, a charging status, power information of a battery, a
display duration of a screen, and motion status and location information of the terminal.

7. The method of any of claims 1 to 6, wherein the preset number is N, and the method further comprises the
following:

acquiring (404, 507) a second preorder usage sequence of a second application currently running of a
terminal, in response to an event of application preloading prediction being triggered;

inputting (405, 508) the second preorder usage sequence to the application prediction model;
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predicting (406, 509) N target applications to be launched according to an output result of the application
prediction model; and
preloading (407) the N target applications.

8. The method of claim 7, wherein preloading the N target applications comprises:

preloading (510) application interfaces of the N target applications based on a pre-established preloading
active-window stack, the pre-established preloading active-window stack having boundary coordinates located
beyond the coordinate range of a display screen.

9. The method of claim 7, wherein preloading the N target applications comprises:

recording the N target applications in a list of applications to be preloaded; and

preloading each of the target applications in the list of applications to be preloaded sequentially at an
interval of a preset time period for preloading until all the N target applications are completely loaded.

10. The method of any of claims 7 to 9, further comprising:

determining whether a launching operation for a predetermined code path of the second application is
monitored; and

suspending preloading of the N target applications, in response to determining that the launching
operation of the preset code path is monitored.

11. The method of any of claims 7 to 9, further comprising one of:

acquiring central processing unit, CPU, utilization of the terminal; and determining that the CPU
utilization is smaller than a preset utilization threshold; and

acquiring remaining storage capacity of the terminal; and determining that the remaining storage capacity
is greater than a preset storage threshold.

12. A non-transitory computer-readable storage medium storing a computer program which, when executed
by a processor, causes the processor to carry out the method of any of claims 1 to 11.

13. A terminal, comprising:

at least one processor (702); and

a computer readable storage (701), coupled to the at least one processor and storing at least one computer
executable instruction thereon which, when executed by the at least one processor, cause the at least one processor
to carry out the method of any of claims 1 to 11.
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