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METHOD, DEVICE, COMPUTER APPARATUS, AND STORAGE MEDIUM 

FOR GENERATING ROUTES 

 

[0001] The present application claims the benefit of priority to Chinese Patent Application 

No. 202210506013.0 filed on May 11, 2022, which is incorporated herein by reference in its entirety. 

 

TECHNICAL FIELD 

[0002] The present disclosure relates to the field of control technology for transport of wafers, 

and in particular to a method, device, computer apparatus, and storage medium for generating routes.  

 

BACKGROUND 

[0003] After a wafer transport system issues an instruction for conveying wafers from a 

starting position to a destination position, on the one hand, when a plurality of transport systems are 

available, the wafer transport system needs to select transport system(s) for transporting wafers. On 

the other hand, in a case of a long-distance transport, at least one transfer station is necessary during 

transport, and there are usually a plurality of routes leading to the at least one transfer station. Thus, 

how to select transfer station(s) based on nodes of known routes, and how to select an optimal route 

from a plurality of routes starting from the starting position, passing through the at least one transfer 

station and ending at the destination position, has become a challenge in the existing technologies.  

[0004] In view of this, the present disclosure provides technical solutions for addressing the 

above technical problems.  

 

SUMMARY 

[0005] The present disclosure provides a method for generating routes, applicable to a 

material control system, including: receiving a transport request for a batch of wafers to be 

transported, where the transport request includes an initial storage position and a destination storage 

position for the batch of wafers to be transported; acquiring a list of routing nodes obtained from 

mapping of storage positions, where the list of routing nodes includes attribute information of the 

routing nodes corresponding to the storage positions, and the attribute information includes storage 

state information and weights; selecting, based on the storage state information, transport routing 

nodes available for temporarily storing the batch of wafers to be transported from the list of routing 

nodes; determining, based on the transport routing nodes, a plurality of initial transport routes 
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between the initial storage position and the destination storage position, where each initial transport 

route of the plurality of initial transport routes includes two or more transport routing nodes of the 

transport routing nodes, and each transport routing node of the transport routing nodes has a 

respective current waiting duration and a respective estimated transferring duration; and calculating 

a respective sum of measurement criterions for each initial transport route of the plurality of initial 

transport routes based on the respective current waiting duration, the respective estimated transferring 

duration and a respective weight of each transport routing node of the transport routing nodes, and 

selecting, from the plurality of initial transport routes, an initial transport route having a minimum 

sum of measurement criterions as a target route.  

[0006] The present disclosure further provides a device for generating routes, including: a 

request reception module, configured to receive a transport request for a batch of wafers to be 

transported, where the transport request includes an initial storage position and a destination storage 

position for the batch of wafers to be transported; a node list acquisition module, configured to 

acquire a list of routing nodes obtained from mapping of storage positions, where the list of routing 

nodes includes attribute information of the routing nodes corresponding to the storage positions, and 

the attribute information includes storage state information and weights; a routing node selection 

module, configured to select, based on the storage state information, transport routing nodes available 

for temporarily storing the batch of wafers to be transported from the list of routing nodes; an initial 

route determination module, configured to determine, based on the transport routing nodes, a plurality 

of initial transport routes between the initial storage position and the destination storage position, 

where each initial transport route of the plurality of initial transport routes includes two or more 

transport routing nodes of the transport routing nodes, and each transport routing node of the transport 

routing nodes has a respective current waiting duration and a respective estimated transferring 

duration; and a target route selection module, configured to calculate a respective sum of 

measurement criterions for each initial transport route of the plurality of initial transport routes based 

on the respective current waiting duration, the respective estimated transferring duration and a 

respective weight of each transport routing node of the transport routing nodes, and select, from the 

plurality of initial transport routes, an initial transport route having a minimum sum of measurement 

criterions as a target route.  

[0007] The present disclosure further provides a computer apparatus, including: at least one 

processor; and a memory. The memory is configured to store computer programs, which, when 

executed by the at least one processor, causes the at least one processor to implement operations of 

the method as illustrated above.  
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[0008] The present disclosure further provides a computer-readable storage medium, 

configured to store computer programs, which, when executed by at least one processor, causes the 

at least one processor to implement operations of the method as illustrated above.  

 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] The preferred embodiments will be illustrated below in a clear and understandable 

manner, in conjunction with the accompanying drawings, in order to further illustrate the above 

features, technical features, advantages, and implementation methods. 

[0010] FIG. 1 is a flow chart of a method for generating routes according to some 

embodiments of the present disclosure.  

[0011] FIG. 2 is a schematic diagram of routing nodes according to some embodiments of the 

present disclosure.  

[0012] FIG. 3 shows a list of initial transport routes according to some embodiments of the 

present disclosure. 

[0013] FIG. 4 shows a list of parameters of the routing nodes according to some embodiments 

of the present disclosure. 

[0014] FIG. 5 is a structural block diagram of a device for generating routes according to 

some embodiments of the present disclosure. 

[0015] FIG. 6 is a block diagram of internal structures of a computer apparatus according to 

some embodiments of the present disclosure. 

 

DETAILED DESCRIPTION OF THE EMBODIMENTS 

[0016] In the following, the embodiments of the present disclosure will be illustrated in detail 

with reference to the accompanying drawings, in order to illustrate the embodiments of the present 

disclosure or the technical solutions in the prior art more clearly. Obviously, the illustrated drawings 

only show some the embodiments of the present disclosure. Those skilled in the art can obtain other 

drawings and other embodiments based on these drawings, without any inventive effort.  

[0017] Based on the present disclosure, those skilled in the art should understand that one 

respective aspect illustrated herein can be implemented independently of any other aspect, and that 

two or more of the aspects can be combined in various ways. For example, the device and/or the 

method can be implemented using any number and aspect illustrated in the present disclosure. 
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Moreover, the device and/or the method may be implemented using other structures and/or 

functionalities other than one or more aspects of the aspects illustrated in the present disclosure. 

[0018] It should be further noted that the diagrams provided in the following embodiments 

only illustrate the basic concept of the present disclosure in a schematic manner. The diagrams only 

show the components related to the present disclosure and are not drawn according to the actual 

numbers, shapes, and sizes of the components in practice. The form, number, and scale of each 

component in practice may be arbitrarily changed, and the layout of the components may also be 

more complex. 

[0019] Moreover, in the following description, specific details are provided to facilitate a 

thorough understanding of the examples. However, those skilled in the art shall understand that the 

aspects can be implemented without these specific details. The terms “first”, “second”, or the like are 

only for the purpose of illustration and shall not be understood as indicating or implying relative 

importance or implying the quantity of technical features indicated. Therefore, features limited by 

“first”, “second”, or the like may explicitly or implicitly include one or more features. In the 

illustration of the present disclosure, unless otherwise specified, “a plurality of” means two or more.  

[0020] In semiconductor factories, transport of front opening unified pods (FOUPs) for 

wafers is managed. The transport includes transport inside a fabrication (FAB) cleanroom, transport 

among cleanrooms, and transport across floors, and destinations of the transport include machine(s), 

storage warehouse(s), overhead buffer(s) (OHBs), and conveyor(s) (Convery), in order to reduce 

duration of transport among machines, thereby improving transport efficiency.  

[0021] After a wafer transport system issues an instruction for conveying wafers from a 

starting position to a destination position, on the one hand, when a plurality of transport systems are 

available, the wafer transport system needs to select transport system(s) for transporting wafers. On 

the other hand, in a case of a long-distance transport, at least one transfer station is necessary during 

transport, but there are usually a plurality of routes leading to the at least one transfer station. Thus, 

how to select transfer station(s) based on nodes of known routes, and how to select an optimal route 

from a plurality of routes starting from the starting position, passing through the at least one transfer 

station and ending at the destination position, has become a challenge in the existing technologies. 

[0022] In order to overcome the above-mentioned deficiency in the existing technologies, 

embodiments of the present disclosure provide a method, device, computer apparatus, and storage 

medium for generating routes.  
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[0023] Some embodiments of the present disclosure provide a method for generating routes, 

applicable to a material control system, including: receiving a transport request for a batch of wafers 

to be transported, where the transport request includes an initial storage position and a destination 

storage position for the batch of wafers to be transported; acquiring a list of routing nodes obtained 

from mapping of storage positions, where the list of routing nodes includes attribute information of 

the routing nodes corresponding to the storage positions, and the attribute information includes 

storage state information and weights; selecting, based on the storage state information, transport 

routing nodes available for temporarily storing the batch of wafers to be transported from the list of 

routing nodes; determining, based on the transport routing nodes, a plurality of initial transport routes 

between the initial storage position and the destination storage position, where each initial transport 

route of the plurality of initial transport routes includes two or more transport routing nodes of the 

transport routing nodes, and each transport routing node of the transport routing nodes has a 

respective current waiting duration and a respective estimated transferring duration; and calculating 

a respective sum of measurement criterions for each initial transport route of the plurality of initial 

transport routes based on the respective current waiting duration, the respective estimated transferring 

duration and a respective weight of each transport routing node of the transport routing nodes, and 

selecting, from the plurality of initial transport routes, an initial transport route having a minimum 

sum of measurement criterions as a target route. 

[0024] In some embodiments, selecting, based on the storage state information, the transport 

routing nodes available for temporarily storing the batch of wafers to be transported from the list of 

routing nodes, includes: acquiring, from the list of routing nodes, a respective inventory of wafers in 

waiting and a respective preset storage threshold of each routing node of routing nodes that are in an 

available state; and determining, based on preset storage thresholds, the batch of wafers to be 

transported, and wafers in waiting in inventories, the transport routing nodes available for temporarily 

storing the batch of wafers to be transported, and setting a state of routing nodes that are not available 

for storing the batch of wafers to be transported to non-available in a preset number of transport 

cycles.  

[0025] In some embodiments, the method further includes: acquiring the respective current 

waiting duration. Acquiring the respective current waiting duration, includes: acquiring a respective 

inventory of wafers in waiting of each transport routing node of the transport routing nodes; and 

calculating the respective current waiting duration based on the respective inventory of wafers in 

waiting of each transport routing node of the transport routing nodes. 
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[0026] In some embodiments, the method further includes: acquiring the respective estimated 

transferring duration. Acquiring the respective estimated transferring duration, includes: determining 

a respective transport distance between each two transport routing nodes of the two or more transport 

routing nodes of each initial transport route of the plurality of initial transport routes and a respective 

transport device corresponding to the respective transport distance; receiving a respective transport 

speed of the respective transport device; and calculating the respective estimated transferring duration 

based on the respective transport distance and the respective transport speed.  

[0027] In some embodiments, the method further includes: acquiring the respective weight 

of each transport routing node of the transport routing nodes. Acquiring the respective weight of each 

transport routing node of the transport routing nodes, includes: acquiring a rule of calculating the 

respective weight according to a type of a device currently handling the batch of wafers to be 

transported; in response to the device being a conveying device, acquiring current waiting durations 

of the two or more transport routing nodes of each initial transport route of the plurality of initial 

transport routes, and generating the respective weight of each transport routing node of the two or 

more transport routing nodes; and in response to the device being a storage device, acquiring a 

respective number of one or more transfer commands for each transport routing node of the two or 

more transport routing nodes of each initial transport route of the plurality of initial transport routes, 

and generating the respective weight of each transport routing node of the two or more transport 

routing nodes. 

[0028] In some embodiments, calculating the respective sum of measurement criterions for 

each initial transport route of the plurality of initial transport routes based on the respective current 

waiting duration, the respective estimated transferring duration and the respective weight of each 

transport routing node of the transport routing nodes, includes: acquiring a number of transport of 

respective one or more transport devices cooperating with each transport routing node of the transport 

routing nodes in a current transport cycle and respective one or more storage parameters of each 

transport routing node of the transport routing nodes, and calculating a respective theoretical state 

value of each transport routing node of the transport routing nodes; calculating a respective 

measurement criterion of each transport routing node of the transport routing nodes based on the 

respective current waiting duration, the respective estimated transferring duration, the respective 

weight and the respective theoretical state value; and calculating the respective sum of measurement 

criterions of the two or more transport routing nodes of each initial transport route of the plurality of 

initial transport routes.  
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[0029] The present disclosure further provides a device for generating routes, including: a 

request reception module, configured to receive a transport request for a batch of wafers to be 

transported, where the transport request includes an initial storage position and a destination storage 

position for the batch of wafers to be transported; a node list acquisition module, configured to 

acquire a list of routing nodes obtained from mapping of storage positions, where the list of routing 

nodes includes attribute information of the routing nodes corresponding to the storage positions, and 

the attribute information includes storage state information and weights; a routing node selection 

module, configured to select, based on the storage state information, transport routing nodes available 

for temporarily storing the batch of wafers to be transported from the list of routing nodes; an initial 

route determination module, configured to determine, based on the transport routing nodes, a plurality 

of initial transport routes between the initial storage position and the destination storage position, 

where each initial transport route of the plurality of initial transport routes includes two or more 

transport routing nodes of the transport routing nodes, and each transport routing node of the transport 

routing nodes has a respective current waiting duration and a respective estimated transferring 

duration; and a target route selection module, configured to calculate a respective sum of 

measurement criterions for each initial transport route of the plurality of initial transport routes based 

on the respective current waiting duration, the respective estimated transferring duration and a 

respective weight of each transport routing node of the transport routing nodes, and select, from the 

plurality of initial transport routes, an initial transport route having a minimum sum of measurement 

criterions as a target route.  

[0030] In some embodiments, the routing node selection module includes: a wafer inventory 

acquisition unit, configured to acquire, from the list of routing nodes, a respective inventory of wafers 

in waiting and a respective preset storage threshold of each routing node of routing nodes that are in 

an available state; and a node determination unit, configured to determine, based on preset storage 

thresholds, the batch of wafers to be transported, and wafers in waiting in inventories, the transport 

routing nodes available for temporarily storing the batch of wafers to be transported, and set a state 

of routing nodes that are not available for storing the batch of wafers to be transported to non-

available in a preset number of transport cycles. 

[0031] The present disclosure further provides a computer apparatus, including: at least one 

processor; and a memory. The memory is configured to store computer programs, which, when 

executed by the at least one processor, causes the at least one processor to implement operations of 

the method as illustrated above.  
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[0032] The present disclosure further provides a computer-readable storage medium, 

configured to store computer programs, which, when executed by at least one processor, causes the 

at least one processor to implement operations of the method as illustrated above.  

[0033] Compared with the related technologies, advantages of the present disclosure lie in 

that short conveying duration can be achieved by selecting an available shortest route between the 

initial storage position and the destination storage position based on sums of measurement criterions, 

and conveying uniformity during respective one or more transport devices travelling to each of 

apparatus receiving the batch of wafers to be transported can be ensured by selecting the transport 

routing nodes available for temporarily storing the batch of wafers to be transported from the list of 

routing nodes, thereby preventing some conveying device from being too busy or too idle, and 

making efficient use of conveying resources.  

[0034] In the following, the technical solutions provided by embodiments of the present 

disclosure are illustrated in conjunction with the accompanying drawings.  

[0035] As shown in FIG. 1, some embodiments of the present disclosure provide a method 

for generating routes, applicable to terminal devices or servers. The terminal devices may include, 

but be not limited to, various personal computers, laptops, smartphones, tablets, and portable smart 

devices, and the servers may be implemented using independent servers or one or more server clusters 

composed of a plurality of servers. In some embodiments, the method for generating routes is 

applicable to terminal devices or servers in a material control system (MCS) and includes the 

following operations.  

[0036] At operation 101, a transport request for a batch of wafers to be transported is received, 

and the transport request includes an initial storage position and a destination storage position for the 

batch of wafers to be transported.  

[0037] MCS represents a material control system used to manage transport of FOUPs for 

wafers in semiconductor factories. The transport includes transport inside a cleanroom, transport 

among cleanrooms, and transport across floors, and destinations of the transport include machine(s), 

storage warehouse(s), OHB(s), and conveyor(s), in order to reduce duration of transport among 

machines, thereby improving transport efficiency. The processing steps of wafers in semiconductor 

processes are managed by a manufacturing execution system (MES, a production information 

management system for execution layers of workshops of a manufacturing enterprise), and a 

destination of a batch of wafers is notified to the MCS by the MES. After receiving the transport 

request from the MES, the MCS parses the transport request and generates instructions according to 

starting position objects and destination position objects obtained by parsing. The instructions may 
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be generated by taking aspects such as types of batches of wafers, priorities of batches, capacities of 

target storage stations, an optimal route to one or more relay storage stations, or the like into account.  

[0038] In the MCS, each of the initial storage position and the destination storage position 

may be a material storage warehouse (STOCKER) or a semiconductor machine. After receiving the 

transport request from the MES, the MCS extracts the initial storage position and the destination 

storage position for the batch of wafers to be transported in the transport request. As shown in FIG. 

2, the routing node A represents the initial storage position for the batch of wafers to be transported, 

and the routing node H represents the destination storage position for the batch of wafers to be 

transported.  

[0039] At operation 102, a list of routing nodes obtained from mapping of storage positions 

is acquired, the list of routing nodes includes attribute information of the routing nodes corresponding 

to the storage positions, and the attribute information includes storage state information and weights.  

[0040] The storage positions include all geographical positions that can be used to store 

FOUPs for wafers in the MCS, and therefore also include the geographical positions corresponding 

to the initial storage position and the destination storage position. One respective routing node may 

correspond to one storage position, but one respective storage position may correspond to a plurality 

of routing nodes. One respective storage position may have at least one storage entrance and at least 

one conveying exit for the FOUPs for wafers, and each of the at least one storage entrance and the at 

least one conveying exit corresponds to one respective routing node. The attribute information may 

include respective one or more transfer devices cooperating with each routing node, respective 

storage state information, a respective weight, and the like for each routing node. The weights are 

obtained based on operating frequencies of transfer devices in historical data in the MCS. The storage 

state information may include information of wafers that have been stored at each routing node, 

information of wafers to be stored at each routing node at a specific time period, or the like. As shown 

in FIG. 2, transport of wafers between routing node A and routing node B can be implemented only 

by one or more rail guided vehicle controllers (RGVCs), transport of wafers between routing node A 

and routing node C, I or G can be implemented only by one or more overhead hoist vehicle controllers 

(OHVCs), and transport between routing node B and routing node D or E may be implemented by 

one or more transfer devices in corresponding storage warehouse(s).  

[0041] One or more servers in the MCS acquires a list of routing nodes obtained from 

mapping of storage positions, the list of routing nodes includes attribute information of the routing 

nodes corresponding to the storage positions, and the attribute information includes storage state 

information and weights.  
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[0042] At operation 103, transport routing nodes available for temporarily storing the batch 

of wafers to be transported are selected from the list of routing nodes based on the storage state 

information.  

[0043] The one or more servers in the MCS select transport routing nodes available for 

temporarily storing the batch of wafers to be transported from the list of routing nodes based on the 

storage state information. The one or more servers can select all available transport routing nodes 

based on the storage state information.  

[0044] At operation 104, a plurality of initial transport routes between the initial storage 

position and the destination storage position are determined based on the transport routing nodes, 

each initial transport route of the plurality of initial transport routes includes two or more transport 

routing nodes of the transport routing nodes, and each transport routing node of the transport routing 

nodes has a respective current waiting duration and a respective estimated transferring duration.  

[0045] The one or more servers in the MCS determine connection lines among nodes based 

on selected transport routing nodes, the initial storage position and the destination storage position, 

and determine a plurality of initial transport routes between the initial storage position and the 

destination storage position based on the connection lines among nodes. The connection line between 

two respective nodes indicates that there is a transport route for one or more transport devices 

available for transport of wafers between the two respective nodes. As shown in FIG. 3, the one or 

more servers select 7 initial transport routes between A and H. Then, the one or more servers may 

generate, based on the storage state information in operation 103, a respective current waiting 

duration and a respective estimated transferring duration of each transport routing node to which the 

batch of wafers is going to be transported. As shown in FIG. 4, the first column represents transport 

starting nodes, the second column represents reception nodes for receiving wafers, the third column 

(X’fer Device) represents transport devices, R-time represents current waiting durations, D-time 

represents estimated transferring durations, Weight represents the weights, and Current status 

corresponds to measurement criterions.  

[0046] At operation 105, a respective sum of measurement criterions for each initial transport 

route of the plurality of initial transport routes is calculated based on the respective current waiting 

duration, the respective estimated transferring duration and a respective weight of each transport 

routing node of the transport routing nodes, and an initial transport route having a minimum sum of 

measurement criterions is selected as a target route from the plurality of initial transport routes.  

[0047] The one or more servers in the MCS calculate a respective sum of measurement 

criterions for each initial transport route based on the respective current waiting duration, the 
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respective estimated transferring duration and a respective weight of each transport route section 

between two transport routing nodes, and select an initial transport route having a minimum sum of 

measurement criterions as a target route. One respective sum of measurement criterions is obtained 

by adding the measurement criterions of all routing nodes in a corresponding initial transport route. 

A respective measurement criterion is a value that may be used to describe a geometric route between 

two corresponding routing nodes. A respective measurement criterion of each routing node may be 

calculated by: R-time + D-time + (value of Current status * weight), where the R-time, the D-time 

and value of the weight may be set based on empirical values as needed, or may be calculated based 

on current storage state information. The value of Current status is automatically calculated by the 

system and may be calculated based on transfer types and storage types of devices. The transport 

types are associated with the number of usage of the transport devices, and the storage types are 

associated with a preset minimum storage capacity, a preset maximum storage capacity and a storage 

capacity that has been used of a storage warehouse where a respective storage position is located, 

calculated average R-TIME (duration for waiting for starting of transfer), and the like. 

[0048] Based on the data as shown in FIG. 4, sums of measurement criterions for the 7 routes 

between node A and node H may be calculated as follows:  

1. A, B, D, F, H       sum of measurement criterions: 660; 

2. A, B, E, G, H       sum of measurement criterions: 490; 

3. A, C, D, F, H       sum of measurement criterions: 550; 

4. A, C, E, G, H       sum of measurement criterions: 595; 

5. A, I, J, F, H         sum of measurement criterions: 495; 

6. A, I, K, G, H       sum of measurement criterions: 550; 

7. A, G, H               sum of measurement criterions: 910. 

[0049] Thus, the second route having a sum of measurement criterions valued 490 is selected 

as the target route.  

[0050] With the above method for generating routes, short conveying duration can be 

achieved by selecting an available shortest route between the initial storage position and the 

destination storage position, and conveying uniformity during respective one or more transport 

devices travelling to each of apparatus receiving the batch of wafers to be transported can be ensured, 

thereby preventing some conveying device from being too busy or too idle, and making efficient use 

of conveying resources. 
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[0051] In some embodiments, selecting, based on the storage state information, the transport 

routing nodes available for temporarily storing the batch of wafers to be transported from the list of 

routing nodes, includes: acquiring, from the list of routing nodes, a respective inventory of wafers in 

waiting and a respective preset storage threshold of each routing node of routing nodes that are in an 

available state; and determining, based on preset storage thresholds, the batch of wafers to be 

transported, and wafers in waiting in inventories, the transport routing nodes available for temporarily 

storing the batch of wafers to be transported, and setting a state of routing nodes that are not available 

for storing the batch of wafers to be transported to non-available in a preset number of transport 

cycles. 

[0052] The one or more servers acquire the respective inventory of wafers in waiting and the 

respective preset storage threshold of each routing node of routing nodes that are in an available state 

from the list of routing nodes. The respective preset storage threshold may include a minimum storage 

capacity, a maximum storage capacity, or the like of a storage warehouse corresponding to a 

respective routing node. The one or more servers may calculate a respective storage capacity that has 

been used based on a respective inventory of wafers in waiting of each routing node. The one or more 

servers determine, based on preset storage thresholds, the batch of wafers to be transported, and 

wafers in waiting in inventories, the transport routing nodes available for temporarily storing the 

batch of wafers to be transported, and set a state of routing nodes that are not available for storing the 

batch of wafers to be transported to non-available in a preset number of transport cycles. Each 

transport task represents a transport cycle, thus the state information of each routing node may vary 

at any time. When a respective routing node is in a state of receiving wafers or going to receive wafers, 

the state information of the respective routing node is non-available; and when the respective routing 

node is in an idle state, the state information of the respective routing node is available.  

[0053] In some embodiments, the method further includes: acquiring the respective current 

waiting duration. Acquiring the respective current waiting duration, includes: acquiring a respective 

inventory of wafers in waiting of each transport routing node of the transport routing nodes; and 

calculating the respective current waiting duration based on the respective inventory of wafers in 

waiting of each transport routing node of the transport routing nodes. 

[0054] The one or more servers may acquire the respective inventory of wafers in waiting of 

each transport routing node, and calculate the respective current waiting duration based on the 

respective inventory of wafers in waiting. The respective inventory of wafers in waiting may include 

a storage duration and a storage capacity of a respective batch of wafers being currently stored at 

each transport routing node, and may further include a storage duration, a storage capacity, a transport 
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waiting duration and the like of a respective batch of wafers to be stored at each transport routing 

node. The one or more servers calculate the respective current waiting duration based on the 

respective inventory of wafers in waiting.  

[0055] In some embodiments, the method further includes: acquiring the respective estimated 

transferring duration. Acquiring the respective estimated transferring duration, includes: determining 

a respective transport distance between each two transport routing nodes of the two or more transport 

routing nodes of each initial transport route of the plurality of initial transport routes and a respective 

transport device corresponding to the respective transport distance; receiving a respective transport 

speed of the respective transport device; and calculating the respective estimated transferring duration 

based on the respective transport distance and the respective transport speed. 

[0056] The one or more servers determine a respective transport distance between each two 

transport routing nodes of the two or more transport routing nodes of each initial transport route based 

on the geographical positions of the two or more transport routing nodes and determine a respective 

transport device corresponding to the respective transport distance. The one or more servers receive 

a respective transport speed of the respective transport device, and calculate the respective estimated 

transferring duration based on the respective transport distance and the respective transport speed. 

[0057] In some embodiments, the method further includes: acquiring the respective weight 

of each transport routing node of the transport routing nodes. Acquiring the respective weight of each 

transport routing node of the transport routing nodes, includes: acquiring a rule of calculating the 

respective weight according to a type of a device currently handling the batch of wafers to be 

transported; in response to the device being a conveying (TSC) device, acquiring current waiting 

durations of the two or more transport routing nodes of each initial transport route, and generating 

the respective weight of each transport routing node of the transport routing nodes; and in response 

to the device being a stocker (STC) device, acquiring a respective number of one or more transfer 

commands for each transport routing node of the two or more transport routing nodes of each initial 

transport route, and generating the respective weight of each transport routing node of the transport 

routing nodes. 

[0058] The TSC device is a conveying device, and the weight is generated based on empirical 

values. The STC device is a storage device, and the weight is generated based on empirical values. 

The empirical values are obtained according to operating frequencies of transfer devices in historical 

data in the MCS.  

[0059] In some embodiments, calculating the respective sum of measurement criterions for 

each initial transport route of the plurality of initial transport routes based on the respective current 
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waiting duration, the respective estimated transferring duration and the respective weight of each 

transport routing node of the transport routing nodes, includes: acquiring a number of transport of 

respective one or more transport devices cooperating with each transport routing node of the transport 

routing nodes in a current transport cycle and respective one or more storage parameters of each 

transport routing node of the transport routing nodes, and calculating a respective theoretical state 

value of each transport routing node of the transport routing nodes; calculating a respective 

measurement criterion of each transport routing node of the transport routing nodes based on the 

respective current waiting duration, the respective estimated transferring duration, the respective 

weight and the respective theoretical state value; and calculating the respective sum of measurement 

criterions of the two or more transport routing nodes of each initial transport route of the plurality of 

initial transport routes. 

[0060] The one or more servers acquire the number of transport, between a starting node and 

a destination node of an initial transport route, of respective one or more transport devices cooperating 

with each transport routing node in a current transport cycle and respective one or more storage 

parameters of each transport routing node, and calculate a respective theoretical state value of each 

transport routing node. Theoretical state values may be stored in a mapping table beforehand, and 

may increase linearly with the number of transport. The one or more servers calculate the respective 

measurement criterion of each transport routing node based on the respective current waiting duration, 

the respective estimated transferring duration, the respective weight and the respective theoretical 

state value. The respective measurement criterion of each routing node may be calculated by: R-time 

+ D-time + (value of Current status * weight), where the R-time, the D-time and value of the weight 

may be set based on empirical values as needed, or may be calculated based on current storage state 

information. The one or more servers calculate the respective sum of measurement criterions of the 

two or more transport routing nodes of each initial transport route. 

[0061] In some embodiments, as shown in FIG. 5, a device for generating routes is provided. 

The device includes a request reception module 501, a node list acquisition module 502, a routing 

node selection module 503, an initial route determination module 504, and a target route selection 

module 505.  

[0062] The request reception module 501 is configured to receive a transport request for a 

batch of wafers to be transported, where the transport request includes an initial storage position and 

a destination storage position for the batch of wafers to be transported.  

[0063] The node list acquisition module 502 is configured to acquire a list of routing nodes 

obtained from mapping of storage positions, where the list of routing nodes includes attribute 
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information of the routing nodes corresponding to the storage positions, and the attribute information 

includes storage state information and weights.  

[0064] The routing node selection module 503 is configured to select, based on the storage 

state information, transport routing nodes available for temporarily storing the batch of wafers to be 

transported from the list of routing nodes.  

[0065] The initial route determination module 504 is configured to determine, based on the 

transport routing nodes, a plurality of initial transport routes between the initial storage position and 

the destination storage position, where each initial transport route of the plurality of initial transport 

routes includes two or more transport routing nodes of the transport routing nodes, and each transport 

routing node of the transport routing nodes has a respective current waiting duration and a respective 

estimated transferring duration.  

[0066] The target route selection module 505 is configured to calculate a respective sum of 

measurement criterions for each initial transport route of the plurality of initial transport routes based 

on the respective current waiting duration, the respective estimated transferring duration and a 

respective weight of each transport routing node of the transport routing nodes, and select, from the 

plurality of initial transport routes, an initial transport route having a minimum sum of measurement 

criterions as a target route.  

[0067] In some embodiments, the routing node selection module includes:  

[0068] a wafer inventory acquisition unit, configured to acquire, from the list of routing 

nodes, a respective inventory of wafers in waiting and a respective preset storage threshold of each 

routing node of routing nodes that are in an available state; and  

[0069] a node determination unit, configured to determine, based on preset storage 

thresholds, the batch of wafers to be transported, and wafers in waiting in inventories, the transport 

routing nodes available for temporarily storing the batch of wafers to be transported, and set a state 

of routing nodes that are not available for storing the batch of wafers to be transported to non-

available in a preset number of transport cycles.  

[0070] In some embodiments, the initial route determination module includes: 

[0071] a node determination unit, configured to determine a respective transport distance 

between each two transport routing nodes of the two or more transport routing nodes of each initial 

transport route of the plurality of initial transport routes and a respective transport device 

corresponding to the respective transport distance;  
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[0072] a transport speed reception unit, configured to receive a respective transport speed of 

the respective transport device; and  

[0073] a estimated transferring duration calculation unit, configured to calculate the 

respective estimated transferring duration based on the respective transport distance and the 

respective transport speed.  

[0074] In some embodiments, the node list acquisition module includes:  

[0075] a type acquisition unit, configured to acquire a rule of calculating the respective 

weight according to a type of a device currently handling the batch of wafers to be transported; and 

[0076] a weight generation unit, configured to in response to the device being a TSC device, 

acquire current waiting durations of the transport routing nodes, and generate the respective weight 

of each transport routing node; and in response to the device being a STC device, acquire a respective 

number of one or more transfer commands for each transport routing node, and generate the 

respective weight of each transport routing node. 

[0077] In some embodiments, the target route selection module includes:  

[0078] a theoretical state value calculation unit, configured to acquire a number of transport 

of respective one or more transport devices cooperating with each transport routing node of the 

transport routing nodes in a current transport cycle and respective one or more storage parameters of 

each transport routing node of the transport routing nodes, and calculate a respective theoretical state 

value of each transport routing node of the transport routing nodes;  

[0079] a measurement criterion calculation unit, configured to calculate a respective 

measurement criterion of each transport routing node of the transport routing nodes based on the 

respective current waiting duration, the respective estimated transferring duration, the respective 

weight and the respective theoretical state value; and  

[0080] a sum of measurement criterion calculation unit, configured to calculate the respective 

sum of measurement criterions of the two or more transport routing nodes of each initial transport 

route of the plurality of initial transport routes.  

[0081] The definitions on the device for generating routes may refer to the definitions on the 

method for generating routes as illustrated above, which will not be repeated here. The modules in 

the device for generating routes may be fully or partially implemented by software, hardware, and 

their combinations. The above modules may be embedded in or independent of the processor(s) in 

the computer apparatus in a form of hardware, or may be stored, in a form of software, in the memory 
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of the computer apparatus for the processor(s) to call and execute the operations corresponding to the 

above modules. 

[0082] In some embodiments, a computer apparatus is provided. The computer apparatus may 

be a server having internal structures as shown in FIG. 6. The computer apparatus includes at least 

one processor, a memory, at least one network interface, and databases connected through a system 

bus. The at least one processor of the computer apparatus is configured to provide computing and 

control capabilities. The memory of the computer apparatus includes non-transitory storage medium 

and an internal memory. The non-transitory storage medium stores operating system(s), computer 

programs, and databases. The internal memory provides an environment for operation of the 

operating system(s) and computer programs in the non-transitory storage medium. The databases of 

the computer apparatus are configured to store attribute information, etc. The at least one network 

interface of the computer apparatus is configured to communicate with external terminals through 

network connections. The computer programs cause the at least one processor to implement 

operations of the method for generating routes when being executed by the at least one processor.  

[0083] Those skilled in the art shall understand that the structures as shown in FIG. 6 are 

block diagrams of structures related to the solutions of the present disclosure and do not constitute 

limitations on the computer apparatus on which the solutions of the present disclosure are applied. 

The actual computer apparatus may include more or fewer components than shown in the drawing, 

or combinations of some certain components, or have different component arrangements.  

[0084] In some embodiments, a computer apparatus is provided. The computer apparatus 

includes at least one processor and a memory. The memory is configured to store computer programs, 

which, when executed by the at least one processor, causes the at least one processor to implement 

the following operations applicable to the MCS: receiving a transport request for a batch of wafers 

to be transported, where the transport request includes an initial storage position and a destination 

storage position for the batch of wafers to be transported; acquiring a list of routing nodes obtained 

from mapping of storage positions, where the list of routing nodes includes attribute information of 

the routing nodes corresponding to the storage positions, and the attribute information includes 

storage state information and weights; selecting, based on the storage state information, transport 

routing nodes available for temporarily storing the batch of wafers to be transported from the list of 

routing nodes; determining, based on the transport routing nodes, a plurality of initial transport routes 

between the initial storage position and the destination storage position, where each initial transport 

route of the plurality of initial transport routes includes two or more transport routing nodes of the 

transport routing nodes, and each transport routing node of the transport routing nodes has a 
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respective current waiting duration and a respective estimated transferring duration; and calculating 

a respective sum of measurement criterions for each initial transport route of the plurality of initial 

transport routes based on the respective current waiting duration, the respective estimated transferring 

duration and a respective weight of each transport routing node of the transport routing nodes, and 

selecting, from the plurality of initial transport routes, an initial transport route having a minimum 

sum of measurement criterions as a target route.  

[0085] In some embodiments, the operation of selecting, based on the storage state 

information, the transport routing nodes available for temporarily storing the batch of wafers to be 

transported from the list of routing nodes which is implemented by executing the computer programs 

by the at least one processor, includes: acquiring, from the list of routing nodes, a respective inventory 

of wafers in waiting and a respective preset storage threshold of each routing node of routing nodes 

that are in an available state; and determining, based on preset storage thresholds, the batch of wafers 

to be transported, and wafers in waiting in inventories, the transport routing nodes available for 

temporarily storing the batch of wafers to be transported, and setting a state of routing nodes that are 

not available for storing the batch of wafers to be transported to non-available in a preset number of 

transport cycles. 

[0086] In some embodiments, the computer programs are executed by the at least one 

processor to implement an operation of acquiring the respective current waiting duration. The 

operation includes: acquiring a respective inventory of wafers in waiting of each transport routing 

node of the transport routing nodes; and calculating the respective current waiting duration based on 

the respective inventory of wafers in waiting of each transport routing node of the transport routing 

nodes. 

[0087] In some embodiments, the computer programs are executed by the at least one 

processor to implement an operation of acquiring the respective estimated transferring duration. The 

operation includes: determining a respective transport distance between each two transport routing 

nodes of the two or more transport routing nodes of each initial transport route of the plurality of 

initial transport routes and a respective transport device corresponding to the respective transport 

distance; receiving a respective transport speed of the respective transport device; and calculating the 

respective estimated transferring duration based on the respective transport distance and the 

respective transport speed. 

[0088] In some embodiments, the computer programs are executed by the at least one 

processor to implement an operation of acquiring the respective weight of each transport routing node 

of the transport routing nodes. The operation includes: acquiring a rule of calculating the respective 
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weight according to a type of a device currently handling the batch of wafers to be transported; in 

response to the device being a conveying device, acquiring current waiting durations of the two or 

more transport routing nodes of each initial transport route of the plurality of initial transport routes, 

and generating the respective weight of each transport routing node of the two or more transport 

routing nodes; and in response to the device being a storage device, acquiring a respective number of 

one or more transfer commands for each transport routing node of the two or more transport routing 

nodes of each initial transport route of the plurality of initial transport routes, and generating the 

respective weight of each transport routing node of the two or more transport routing nodes.  

[0089] In some embodiments, the operation of calculating the respective sum of measurement 

criterions for each initial transport route of the plurality of initial transport routes based on the 

respective current waiting duration, the respective estimated transferring duration and the respective 

weight of each transport routing node of the transport routing nodes which is implemented by 

executing the computer programs by the at least one processor, includes: acquiring a number of 

transport of respective one or more transport devices cooperating with each transport routing node of 

the transport routing nodes in a current transport cycle and respective one or more storage parameters 

of each transport routing node of the transport routing nodes, and calculating a respective theoretical 

state value of each transport routing node of the transport routing nodes; calculating a respective 

measurement criterion of each transport routing node of the transport routing nodes based on the 

respective current waiting duration, the respective estimated transferring duration, the respective 

weight and the respective theoretical state value; and calculating the respective sum of measurement 

criterions of the two or more transport routing nodes of each initial transport route of the plurality of 

initial transport routes.  

[0090] In some embodiments, a computer-readable storage medium is provided. The 

computer-readable storage medium is configured to store computer programs, which, when executed 

by at least one processor, causes the at least one processor to implement the following operations 

applicable to the MCS: receiving a transport request for a batch of wafers to be transported, where 

the transport request includes an initial storage position and a destination storage position for the 

batch of wafers to be transported; acquiring a list of routing nodes obtained from mapping of storage 

positions, where the list of routing nodes includes attribute information of the routing nodes 

corresponding to the storage positions, and the attribute information includes storage state 

information and weights; selecting, based on the storage state information, transport routing nodes 

available for temporarily storing the batch of wafers to be transported from the list of routing nodes; 

determining, based on the transport routing nodes, a plurality of initial transport routes between the 
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initial storage position and the destination storage position, where each initial transport route of the 

plurality of initial transport routes includes two or more transport routing nodes of the transport 

routing nodes, and each transport routing node of the transport routing nodes has a respective current 

waiting duration and a respective estimated transferring duration; and calculating a respective sum 

of measurement criterions for each initial transport route of the plurality of initial transport routes 

based on the respective current waiting duration, the respective estimated transferring duration and a 

respective weight of each transport routing node of the transport routing nodes, and selecting, from 

the plurality of initial transport routes, an initial transport route having a minimum sum of 

measurement criterions as a target route.  

[0091] In some embodiments, the operation of selecting, based on the storage state 

information, the transport routing nodes available for temporarily storing the batch of wafers to be 

transported from the list of routing nodes which is implemented by executing the computer programs 

by the at least one processor, includes: acquiring, from the list of routing nodes, a respective inventory 

of wafers in waiting and a respective preset storage threshold of each routing node of routing nodes 

that are in an available state; and determining, based on preset storage thresholds, the batch of wafers 

to be transported, and wafers in waiting in inventories, the transport routing nodes available for 

temporarily storing the batch of wafers to be transported, and setting a state of routing nodes that are 

not available for storing the batch of wafers to be transported to non-available in a preset number of 

transport cycles. 

[0092] In some embodiments, the computer programs are executed by the at least one 

processor to implement an operation of acquiring the respective current waiting duration. The 

operation includes: acquiring a respective inventory of wafers in waiting of each transport routing 

node of the transport routing nodes; and calculating the respective current waiting duration based on 

the respective inventory of wafers in waiting of each transport routing node of the transport routing 

nodes. 

[0093] In some embodiments, the computer programs are executed by the at least one 

processor to implement an operation of acquiring the respective estimated transferring duration. The 

operation includes: determining a respective transport distance between each two transport routing 

nodes of the two or more transport routing nodes of each initial transport route of the plurality of 

initial transport routes and a respective transport device corresponding to the respective transport 

distance; receiving a respective transport speed of the respective transport device; and calculating the 

respective estimated transferring duration based on the respective transport distance and the 

respective transport speed. 
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[0094] In some embodiments, the computer programs are executed by the at least one 

processor to implement an operation of acquiring the respective weight of each transport routing node 

of the transport routing nodes. The operation includes: acquiring a rule of calculating the respective 

weight according to a type of a device currently handling the batch of wafers to be transported; in 

response to the device being a conveying device, acquiring current waiting durations of the two or 

more transport routing nodes of each initial transport route of the plurality of initial transport routes, 

and generating the respective weight of each transport routing node of the two or more transport 

routing nodes; and in response to the device being a storage device, acquiring a respective number of 

one or more transfer commands for each transport routing node of the two or more transport routing 

nodes of each initial transport route of the plurality of initial transport routes, and generating the 

respective weight of each transport routing node of the two or more transport routing nodes.  

[0095] In some embodiments, the operation of calculating the respective sum of measurement 

criterions for each initial transport route of the plurality of initial transport routes based on the 

respective current waiting duration, the respective estimated transferring duration and the respective 

weight of each transport routing node of the transport routing nodes which is implemented by 

executing the computer programs by the at least one processor, includes: acquiring a number of 

transport of respective one or more transport devices cooperating with each transport routing node of 

the transport routing nodes in a current transport cycle and respective one or more storage parameters 

of each transport routing node of the transport routing nodes, and calculating a respective theoretical 

state value of each transport routing node of the transport routing nodes; calculating a respective 

measurement criterion of each transport routing node of the transport routing nodes based on the 

respective current waiting duration, the respective estimated transferring duration, the respective 

weight and the respective theoretical state value; and calculating the respective sum of measurement 

criterions of the two or more transport routing nodes of each initial transport route of the plurality of 

initial transport routes.  

[0096] The above are only the specific embodiments of the present disclosure, but the scope 

of protection of the present disclosure is not limited to this. Any changes or replacements that are 

easily conceivable to those skilled in the art within the scope of disclosure of the present disclosure 

shall fall within the scope of protection of the present disclosure. Therefore, the protection scope of 

the present disclosure should be determined by the protection scope of the claims. 
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CLAIMS 

1.    A method for generating routes, applicable to a material control system, comprising:  

receiving a transport request for a batch of wafers to be transported, wherein the transport request 

includes an initial storage position and a destination storage position for the batch of wafers to be 

transported;  

acquiring a list of routing nodes obtained from mapping of storage positions, wherein the list of 

routing nodes includes attribute information of the routing nodes corresponding to the storage 

positions, and the attribute information includes storage state information and weights; 

selecting, based on the storage state information, transport routing nodes available for 

temporarily storing the batch of wafers to be transported from the list of routing nodes;  

determining, based on the transport routing nodes, a plurality of initial transport routes between 

the initial storage position and the destination storage position, wherein each initial transport route of 

the plurality of initial transport routes includes two or more transport routing nodes of the transport 

routing nodes, and each transport routing node of the transport routing nodes has a respective current 

waiting duration and a respective estimated transferring duration; and 

calculating a respective sum of measurement criterions for each initial transport route of the 

plurality of initial transport routes based on the respective current waiting duration, the respective 

estimated transferring duration and a respective weight of each transport routing node of the transport 

routing nodes, selecting an initial transport route having a minimum sum of measurement criterions 

from the plurality of initial transport routes, and setting the initial transport route as a target route.  

2.    The method according to claim 1, wherein selecting, based on the storage state information, the 

transport routing nodes available for temporarily storing the batch of wafers to be transported from 

the list of routing nodes, includes:  

acquiring, from the list of routing nodes, a respective inventory of wafers in waiting and a 

respective preset storage threshold of each routing node of routing nodes that are in an available state; 

and 

determining, based on preset storage thresholds, the batch of wafers to be transported, and wafers 

in waiting in inventories, the transport routing nodes available for temporarily storing the batch of 

wafers to be transported, and setting a state of routing nodes that are not available for storing the 

batch of wafers to be transported to non-available in a preset number of transport cycles.  

3.     The method according to claim 1, further including: acquiring the respective current waiting 

duration; 
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wherein acquiring the respective current waiting duration, includes:  

acquiring a respective inventory of wafers in waiting of each transport routing node of the 

transport routing nodes; and  

calculating the respective current waiting duration based on the respective inventory of wafers 

in waiting of each transport routing node of the transport routing nodes.  

4.    The method according to claim 1, further including: acquiring the respective estimated 

transferring duration; 

wherein acquiring the respective estimated transferring duration, includes:  

determining a respective transport distance between each two transport routing nodes of the two 

or more transport routing nodes of each initial transport route of the plurality of initial transport routes 

and a respective transport device corresponding to the respective transport distance;  

receiving a respective transport speed of the respective transport device; and  

calculating the respective estimated transferring duration based on the respective transport 

distance and the respective transport speed.  

5.    The method according to claim 1, further including: acquiring the respective weight of each 

transport routing node of the transport routing nodes; 

wherein acquiring the respective weight of each transport routing node of the transport routing 

nodes, includes: 

acquiring a rule of calculating the respective weight according to a type of a device currently 

handling the batch of wafers to be transported;  

in response to the device being a conveying device, acquiring current waiting durations of the 

two or more transport routing nodes of each initial transport route of the plurality of initial transport 

routes, and generating the respective weight of each transport routing node of the two or more 

transport routing nodes; and 

in response to the device being a storage device, acquiring a respective number of one or more 

transfer commands for each transport routing node of the two or more transport routing nodes of each 

initial transport route of the plurality of initial transport routes, and generating the respective weight 

of each transport routing node of the two or more transport routing nodes.  

6.    The method according to claim 1, wherein calculating the respective sum of measurement 

criterions for each initial transport route of the plurality of initial transport routes based on the 

respective current waiting duration, the respective estimated transferring duration and the respective 

weight of each transport routing node of the transport routing nodes, includes:  
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acquiring a number of transport of respective one or more transport devices cooperating with 

each transport routing node of the transport routing nodes in a current transport cycle and respective 

one or more storage parameters of each transport routing node of the transport routing nodes, and 

calculating a respective theoretical state value of each transport routing node of the transport routing 

nodes;  

calculating a respective measurement criterion of each transport routing node of the transport 

routing nodes based on the respective current waiting duration, the respective estimated transferring 

duration, the respective weight and the respective theoretical state value; and 

calculating the respective sum of measurement criterions of the two or more transport routing 

nodes of each initial transport route of the plurality of initial transport routes.  

7.    A device for generating routes, comprising:  

a request reception module, configured to receive a transport request for a batch of wafers to be 

transported, wherein the transport request includes an initial storage position and a destination storage 

position for the batch of wafers to be transported; 

a node list acquisition module, configured to acquire a list of routing nodes obtained from 

mapping of storage positions, wherein the list of routing nodes includes attribute information of the 

routing nodes corresponding to the storage positions, and the attribute information includes storage 

state information and weights; 

a routing node selection module, configured to select, based on the storage state information, 

transport routing nodes available for temporarily storing the batch of wafers to be transported from 

the list of routing nodes;  

an initial route determination module, configured to determine, based on the transport routing 

nodes, a plurality of initial transport routes between the initial storage position and the destination 

storage position, wherein each initial transport route of the plurality of initial transport routes includes 

two or more transport routing nodes of the transport routing nodes, and each transport routing node 

of the transport routing nodes has a respective current waiting duration and a respective estimated 

transferring duration; and 

a target route selection module, configured to calculate a respective sum of measurement 

criterions for each initial transport route of the plurality of initial transport routes based on the 

respective current waiting duration, the respective estimated transferring duration and a respective 

weight of each transport routing node of the transport routing nodes, and select, from the plurality of 

initial transport routes, an initial transport route having a minimum sum of measurement criterions 

as a target route.  



 

25 

 

8.    The device according to claim 7, wherein the routing node selection module includes:  

a wafer inventory acquisition unit, configured to acquire, from the list of routing nodes, a 

respective inventory of wafers in waiting and a respective preset storage threshold of each routing 

node of routing nodes that are in an available state; and 

a node determination unit, configured to determine, based on preset storage thresholds, the batch 

of wafers to be transported, and wafers in waiting in inventories, the transport routing nodes available 

for temporarily storing the batch of wafers to be transported, and set a state of routing nodes that are 

not available for storing the batch of wafers to be transported to non-available in a preset number of 

transport cycles.  

9.    A computer apparatus, comprising:  

at least one processor; and  

a memory;  

wherein the memory is configured to store computer programs, which, when executed by the at 

least one processor, causes the at least one processor to implement operations of the method according 

to any one of claims 1 to 6.  

10.    A computer-readable storage medium, configured to store computer programs, which, when 

executed by at least one processor, causes the at least one processor to implement operations of the 

method according to any one of claims 1 to 6.  

 

  


