ENERGY CONSUMPTION GRADING OPTIMIZATION METHOD,
COMPUTER DEVICE, AND STORAGE MEDIUM

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] The present application claims priority to Chinese Patent Application No. 202310820243.9 filed
on July 5, 2023 to the CNIPA, and entitled “ENERGY CONSUMPTION GRADING OPTIMIZATION
METHOD, COMPUTER DEVICE, AND STORAGE MEDIUM”, the entire content of which is

incorporated herein by reference.
TECHNICAL FIELD

[0002] Embodiments of the present application relate to the field of energy, in particular to an energy

consumption grading optimization method, a computer device, and a storage medium.
BACKGROUND

[0003] Reducing carbon emissions is an important means of environmental protection. In some scenarios
(e.g., a data center) where heating devices are applied, energy consumption may be reduced by
optimizing a control strategy of a heating and ventilation device, so as to reduce the carbon
emissions.

[0004] In the related art, a way to optimize a control strategy of a heating and ventilation device is mainly
to directly establish an energy consumption prediction model between operation data related to
energy consumption optimization and electric energy usage effectiveness through machine
learning or deep learning. The operation data related to the energy consumption optimization
include outdoor environment data, and key measurement point data of the heating and
ventilation device and an IT device. If the predicted electric energy usage effectiveness is lower
than the original electric energy usage effectiveness, a combination of input parameters of the
model is considered to be an effective energy consumption optimization method.

[0005] However, the above optimization method belongs to the pure data-driven model, which may
theoretically achieve a better energy consumption optimization effect, but implementation in
practice may lead to a problem of frequent starting and stopping of the devices due to frequent
adjustment of control parameters, or the inconsistency with actual operation and maintenance
logic due to an excessive difference of the parameters, which makes the practicability of the

energy consumption optimization method lower.



SUMMARY

[0006] Embodiments of the present application provide an energy consumption grading optimization
method, a computer device, and a storage medium, which can improve the optimization efficiency
as well as improve the practicability of an energy consumption optimization strategy. Technical
solutions are as follows.

[0007] In an aspect, an energy consumption grading optimization method is provided. The method
includes: acquiring target operation data related to energy consumption optimization; performing
data grading on the target operation data to obtain data sets corresponding to optimization levels,
wherein data sets of different optimization levels correspond to different optimization indexes;
determining an initial optimization level on the basis of a device operation mechanism and a
current state indicated by the target operation data; and, and performing, by using the initial
optimization level as an optimization starting point and on the basis of optimization models of
optimization levels and the data sets corresponding to optimization levels, grading optimization
calculation to obtain a target energy consumption optimization strategy, so as to optimize energy
consumption of a heating and ventilation device on the basis of the target energy consumption
optimization strategy.

[0008] In another aspect, a computer device is provided. The computer device contains a processor and
a memory. The memory stores at least one computer program. The at least one computer
program is loaded and executed by the processor to implement the above energy consumption
grading optimization method.

[0009] In another aspect, a readable storage medium is provided. The readable storage medium stores
at least one computer program therein. The computer program is loaded and executed by a
processor to implement the above energy consumption grading optimization method.

[0010] In another aspect, a computer program product is provided. The computer program product
includes at least one computer program. The computer program is loaded and executed by a
processor to implement the energy consumption grading optimization method provided in

various optional implementations above.
BRIEF DESCRIPTION OF DRAWING(S)

[0011] Accompanying drawings here are incorporated into the specification, constitute a part of the
specification, show embodiments consistent with the present application, and are used to explain
a principle of the present application together with the specification.

[0012] FIG. 1 shows a flowchart of an energy consumption grading optimization method provided by an
exemplary embodiment of the present application.

[0013] FIG. 2 shows a flowchart of an energy consumption grading optimization method provided by an

exemplary embodiment of the present application.



[0014] FIG. 3 shows a flowchart of an energy consumption grading optimization method provided by an
exemplary embodiment of the present application.

[0015] FIG. 4 shows a schematic diagram of an energy consumption grading optimization system
provided by an exemplary embodiment of the present application.

[0016] FIG. 5 shows a structural block diagram of a computer device showed by an exemplary

embodiment of the present application.
DETAILED DESCRIPTION

[0017] Exemplary embodiments will be illustrated in detail here, and their examples are shown in
accompanying drawings. When the following description refers to the accompanying drawings,
unless otherwise indicated, the same numbers in different accompanying drawings indicate the
same or similar elements. Implementations described in the following exemplary embodiments
do not represent all implementations consistent with the present application. Rather, they are
merely examples of apparatuses and methods consistent with some aspects of the present
application as detailed in the appended claims.

[0018] In a scenario with a heating and ventilation device, a purpose of energy saving and energy
consumption reduction may be achieved by optimizing energy consumption of the heating and
ventilation device. Exemplarily, energy saving and energy consumption reduction may be
achieved by optimizing the energy consumption of the heating and ventilation device. At the
present stage, the formulation of an energy consumption optimization strategy of the heating and
ventilation device has the following problems.

[0019] (1) Without considering a relationship between control parameters of the heating and ventilation
device, all the control parameters are treated equally (e.g., the operation quantity of devices and
internal control parameters of the device are adjusted equally in each time of optimization), and
change of an output control parameter (especially a difference in the operation quantity of the
devices) leads to frequent starting and stopping of the device, which is not in line with the
maintenance of the machine in actual operation and maintenance.

[0020] (2) It is not considered that a combination (i.e., an operation mode) of types of the heating and
ventilation device is also different according to a climate change and a corresponding internal
control parameter of the device, resulting in that an internal control parameter given by an
existing model is greatly different from the parameter setting logic of current actual operation
and maintenance of the existing device, which is difficult to be credibly accepted.

[0021] (3) Security and validity are not fully considered in a modeling process in combination with the
actual operation and maintenance, which leads to low credibility of an optimization control

strategy output by the model during subsequent issuance.



[0022] (4) A huge difference between actual collected messy data and simulated ideal data is not
considered, and the actual collected data has a large number of problems such as more missing
data, inconsistency between a device state index and device frequency feedback, and a data
collection abnormality, which needs grading processing and a correctness check in combination
with a device operation mechanism. If effective data grading processing is not performed, it may
lead to lower accuracy of the model and an invalid subsequent application.

[0023] In response to the above problems, embodiments of the present application provide an energy
consumption grading optimization method, which can solve all or part of the above problems,
improving the practicality of an energy consumption optimization strategy while optimizing
energy consumption. The energy consumption grading optimization method of the present
application is introduced below by means of several embodiments.

[0024] FIG. 1 shows a flowchart of an energy consumption grading optimization method provided by an
exemplary embodiment of the present application. The method may be performed by a computer
device. The computer device may be implemented as a management device of a heating and
ventilation device. As shown in FIG. 1, the energy consumption grading optimization method may
include the following steps.

[0025] At Step 110, target operation data related to energy consumption optimization is acquired.

[0026] In the embodiment of the present application, the target operation data related to the energy
consumption optimization may include temperature and humidity of in different indoor and
outdoor stages, device energy consumption of various heating and ventilation devices, state
information of key components of the heating and ventilation devices, control parameters, etc.
The target operation data may be obtained by the computer device by monitoring each heating
and ventilation device.

[0027] At Step 120, data grading is performed on the target operation data to obtain data sets
corresponding to optimization levels, where data sets of different optimization levels correspond
to different optimization indexes.

[0028] When an energy consumption optimization strategy is formulated on the basis of the target
operation data, data grading is first performed on the target operation data according to the
optimization indexes corresponding to the optimization levels, so as to obtain the data sets
corresponding to the optimization levels. Different optimization levels correspond to different
optimization indexes, consequently, the different optimization indexes related to different
optimization levels are different in the numbers and types, and the optimization indexes related
to different optimization levels may be partially the same or completely different. Exemplarily,
one optimization level may involve an optimization index A, and another optimization level may

involve an optimization index A as well as an optimization index B. The number of optimization



levels as well as settings of optimization indexes involved in the optimization levels may be set by
relevant personnel on the basis of actual needs, which is not limited in the present application.

[0029] At Step 130, an initial optimization level is determined on the basis of a device operation
mechanism and a current state indicated by the target operation data.

[0030] In the embodiment of the present application, there may be a level relationship among the
optimization levels, i.e., in a process of formulating the energy consumption optimization strategy,
the computer device may perform optimization calculation level by level according to the level
relationship among the optimization levels. Therefore, in order to avoid a meaningless
optimization calculation process, the computer device may first determine the initial optimization
level in the current state according to the device operation mechanism as well as the current state
indicated by the target operation data, so as to determine optimization starting points in the
optimization levels.

[0031] At Step 140, On the basis of optimization models of optimization levels and data sets
corresponding to the optimization levels, grading optimization calculation is performed by using
the initial optimization level as the optimization starting point to obtain a target energy
consumption optimization strategy, so as to optimize energy consumption of the heating and
ventilation device on the basis of the target energy consumption optimization strategy.

[0032] Exemplarily, if four optimization levels with a level relationship are configured, and the initial
optimization level determined on the basis of the device operation mechanism as well as the
current state indicated by the target operation data is the second optimization level, the first
optimization level may be skipped in the formulation of the energy consumption optimization
strategy. Starting from the second optimization level, grading optimization calculation and check
are performed until the target energy consumption optimization strategy is obtained or all the
optimization levels are traversed. The formulation of the energy consumption optimization
strategy on the basis of different optimization indexes may be achieved through grading
optimization. By determining the initial optimization level, unnecessary optimization calculations
and check processes may be avoided, thereby improving the efficiency of the formulation of the
energy consumption optimization strategy as well as improving the applicability of the energy
consumption optimization strategy to the current state.

[0033] When optimization calculation is performed in each optimization level, optimization calculation
is performed on the data set of the optimization level via the optimization model of the
optimization level, so as to acquire an optimization result of the optimization level, i.e., the energy
consumption optimization strategy of the optimization level. In a possible implementation, the
computer device may directly determine the energy consumption optimization strategy obtained
for the optimization level as the target energy consumption optimization strategy. Or, in another

possible implementation, the computer device may determine the energy consumption
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optimization strategy as the target energy consumption optimization strategy when the energy
consumption optimization strategy meets specified conditions.

[0034] In summary, in the energy consumption grading optimization method provided by the
embodiment of the present application, the target operation data related to the energy
consumption optimization is acquired, data grading is performed on the target operation data to
obtain the data sets of the optimization levels corresponding to different optimization indexes,
after the initial optimization level is determined on the basis of the device operation mechanism
and the current state grading optimization calculation is performed by using the initial
optimization level of each optimization level as the optimization starting point and on the basis
of the optimization models of the optimization levels and the data sets of the optimization levels
so as to obtain the target energy consumption optimization strategy that meets current actual
needs, and the energy consumption of the heating and ventilation device is optimized on the basis
of the target energy consumption optimization strategy. Through the above method, the initial
optimization level adapted to the device operation mechanism and the current state can be
determined, so as to perform grading optimization on the basis of the initial optimization level as
the grading optimization starting point to formulate the energy consumption optimization
strategy, unnecessary optimization processes can be avoided, and the optimization efficiency is
improved. In addition, the practicality of the energy consumption optimization strategy is
improved because the obtained target energy consumption optimization strategy is adapted to
the current state and the device operation mechanism.

[0035] In a possible implementation, when the energy consumption optimization strategy output from
the optimization level passes a security and validity check, the energy consumption optimization
strategy is determined as the target energy consumption optimization strategy. In the
embodiment of the present application, the computer device may achieve the security and
validity check on the energy consumption optimization strategy via a security and validity check
model. In this case, FIG. 2 shows a flowchart of an energy consumption grading optimization
method provided by an exemplary embodiment of the present application. The method may be
performed by a computer device. The computer device may be implemented as a management
device of a heating and ventilation device. As shown in FIG. 2, the energy consumption grading
optimization method may include the following steps.

[0036] At Step 201, target operation data related to energy consumption optimization is acquired.

[0037] The computer device may acquire real operation data acquired from a real data center as the
target operation data, and the real data center may include an IT center as well as a supervision
system (SS). In the embodiment of the present application, the target operation data may include
indoor and outdoor temperature, indoor and outdoor humidity as well as a change situation of

an information technology (IT) load. The target operation data is used to indicate a current state.
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[0038] At Step 202, data grading is performed on the target operation data to obtain data sets
corresponding to optimization levels, wherein data sets of different optimization levels
correspond to different optimization indexes.

[0039] The computer device may perform data grading on the target operation data by a data grading
processing module, to obtain the data sets corresponding to the optimization levels. The process
may include the following.

[0040] Data grading cleaning, data grading check, index grading fusion, index grading extraction, and
index grading division are performed on the target operation data to obtain a data set applied to
a control strategy grading optimization model. The control strategy grading optimization model
includes optimization models of optimization levels. The data set applied to the control strategy
grading optimization model includes data subsets applied to the optimization models of the
optimization levels.

[0041] In the process of data grading, data grading cleaning is used to clean redundant data from the
target operation data, such as checking the data consistency, and dealing with invalid values and
missing values.

[0042] Data grading check is used to check the correctness of each piece of data. The data grading check
may check whether there is any abnormality in data collection of each device on the basis of
business logic. When it is determined that there is an abnormality, whether this part of
abnormality belongs to a device failure or a data collection error is determined, and the size of
this part of abnormal data is counted, and on such basis, corresponding data correction or data
removal measures may be taken on the basis of pre-specified data correctness extraction logic.
Exemplarily, when data grading check is based on the business logic of a chilled water refrigeration
system, it is necessary to determine whether a cooling pump, a refrigeration primary pump, and
a water cooler or a plate exchanger in a water chilling unit meet a condition of being turned on
and off simultaneously, so as to determine whether there is any abnormality in data collection of
the devices corresponding to the chilled water refrigeration system. For example, if a device state
bit of a certain device shows that the device is off, but a frequency or a current percentage of the
device has a value showing that the device is on, it is determined that there is an abnormality.

[0043] The index grading fusion is used to perform data statistics on relevant indexes to generate a new
index. Exemplarily, the computer device judges a real turn-on situation of the device (i.e., the new
index) via a state index, a control index, and a control feedback index of the device. In addition,
the index grading fusion may further be implemented as performing statistics of an operation
quantity, generation of temperature and humidity mean values, generation of a current
percentage mean value, generation of a frequency feedback mean value, etc. on the same type

of device.



[0044] The index grading extraction is used to extract index sets needed by different models to form
corresponding data subsets. Exemplarily, a data subset Data_E applied to an energy consumption
validity check model contains indexes related to energy consumption, such as an index related to
power usage effectiveness (PUE) or a cooling load factor (CLF). The PUE is a ratio of all energy
consumed to energy used by the IT load. The CLF is a ratio of power consumed by a cooling device
to power consumed by an IT device. A data subset Data_C applied to a cooling capacity security
check model contains indexes related to a cooling capacity Cooling. A data subset Data_S applied
to a state security check contains indexes related to a temperature and pressure state. The data
subsets of the optimization levels needed by the control strategy grading optimization model
contain indexes related to a current optimization level.

[0045] The index grading division is used for divide different indexes by type. Exemplarily, the
optimization indexes may be divided into different types on the basis of index types, index
functions, etc. For example, with the index types as a division basis, the indexes may be divided
into an environment index, a device operation state index, a device control feedback index, a
device control parameter setting index, various energy consumption indexes, etc. With the index
functions as a division basis, the indexes may be divided into indexes related to a security check,
indexes related to a validity check, indexes related to strategy grading optimization, etc. By
performing the grading division of the indexes, iterations and corrections of a data grading
processing process may be facilitated.

[0046] In one embodiment, prior to performing data grading on the target operation data to obtain the
data sets corresponding to optimization levels, the method further includes that: optimization
pre-detection is performed on the target operation data via an optimization pre-detection index
to obtain an optimization pre-detection result, where the optimization pre-detection index
includes at least one of the following: checking whether indexes needed by the models are missing,
or checking whether a business relationship between the indexes is valid; and when the
optimization pre-detection result indicates that the target operation data passes the pre-
detection, data grading is performed on the target operation data to obtain the data sets
corresponding to the optimization levels.

[0047] In other words, when entering into an online inference flow of energy consumption grading
optimization, the optimization pre-detection is first performed on the target operation data, and
after the target operation data passes the optimization pre-detection, a subsequent processing
process is performed. Checking whether the indexes needed by the models are missing may be
checking whether indoor and outdoor environment temperatures, a device operation state,
device control feedback, a device setting parameter, etc. are missing in a large scale. Checking
whether the business relationship between the indexes is valid may be checking whether states

of the devices of the water chilling unit conform to being turned on and off simultaneously, etc.
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[0048] When the optimization pre-detection result indicates that the target operation data fails to pass
pre-detection, it is determined that the heating and ventilation device is not suitable for energy
consumption optimization.

[0049] When the optimization pre-detection result indicates that the target operation data fails to pass
pre-detection, it means that there may be a device failure or a problem with data collection, it is
determined that the heating and ventilation device is not suitable for energy consumption
optimization, and a subsequent flow is not started temporarily. In one embodiment, in this case,
an indication of “not suitable for optimization” may further be given via audio information or
visual information, e.g., by emitting a prompt tone or by displaying text or image prompt
information on a display device.

[0050] At Step 203, an initial optimization level is determined on the basis of a device operation
mechanism and a current state indicated by the target operation data.

[0051] Exemplarily, taking a configuration of three optimization levels, respectively a first optimization
level, a second optimization level, and a third optimization level, in the computer device as an
example, there is a level relationship among the three optimization levels. When grading
optimization calculation is performed, if the initial optimization level is the first optimization level,
optimization is performed in the order from the first optimization level to the third optimization
level. Optimization indexes of the three optimization levels are different, wherein the first
optimization level refers to performing optimization on an internal control parameter of the
heating and ventilation device; the second optimization level refers to performing optimization
on an operation quantity and the internal control parameter of the heating and ventilation device;
and the third optimization level refers to performing optimization on an operation mode, the
operation quantity and the internal control parameter of the heating and ventilation device. The
operation mode reflects a combination mode of the device, e.g., the chilled water refrigeration
device is divided into a free mode, a precooling mode, a refrigeration mode, etc., on the basis of
which the embodiment of the present application provides a feasible way of determining the
initial optimization level on the basis of a climate change. A process of determining the initial
optimization level by the computer device may be implemented as the following.

[0052] In a case where the outdoor temperature is within a preset outdoor temperature range, indoor-
and-outdoor temperature and humidity changes periodically and an IT load changes periodically,
the initial optimization level is determined to be the first optimization level, wherein the first
optimization level indicates that optimization is performed on the internal control parameter of
the heating and ventilation device.

[0053] In a case where the outdoor temperature is within the outdoor temperature range, and the
indoor-and-outdoor temperature and humidity has a sudden change or the IT load has a sudden

change, the initial optimization level is determined to be the second optimization level, wherein
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the second optimization level indicates that optimization is performed on the operation quantity
and the internal control parameter of the heating and ventilation device. In a case where the
outdoor temperature is in a temperature critical range between different outdoor temperature
ranges, the initial optimization level is determined to be the third optimization level, wherein the
third optimization level indicates that optimization is performed on the operation mode, the
operation quantity and the internal control parameter of the heating and ventilation device.

[0054] In other words, the optimization index of the first optimization level is the internal control
parameter of the heating and ventilation device; the optimization indexes of the second
optimization level are the operation quantity and the internal control parameter of the heating
and ventilation device; and the optimization indexes of the third optimization level are the
operation mode, the operation quantity and the internal control parameter of the heating and
ventilation device.

[0055] When the outdoor temperature is in the preset outdoor temperature range, it means that the
climate does not change significantly. The preset outdoor temperature range may be set on the
basis of seasons respectively. For example, the outdoor temperature range in winter may be T<10,
the outdoor temperature range in spring and fall may be 10<T<26, and the outdoor temperature
range in summer may be T>26. It needs to be noted that the above settings for the outdoor
temperature range are only exemplary, and on the basis of differences in actual situations, the
outdoor temperature range may also have different settings, which is not limited in the present
application. When the climate does not change significantly and the indoor-and-outdoor
temperature and humidity and the IT load are in periodic changes, energy consumption
optimization selects an optimization mode, in which the operation mode and the device operation
quantity of the heating and ventilation device are not adjusted but the internal control parameter
of the heating and ventilation device is optimized, i.e., an optimization calculation process with
the first optimization level as the initial optimization level is performed.

[0056] When the outdoor temperature is in the outdoor temperature range, i.e., the climate does not
change significantly, the change situation of the indoor and outdoor temperature and humidity
indicates that the indoor and outdoor temperature and humidity have a sudden change, or the
change situation of the IT load indicates that the IT load has a sudden change, energy consumption
optimization selects an optimization mode, in which the operation mode of the heating and
ventilation device is not adjusted but the operation quantity and the device internal control
parameter of the heating and ventilation device are optimized , i.e., an optimization calculation
process with the second optimization level as the initial optimization level is performed. In one
embodiment, the computer device may perform the optimization calculation process with the
second optimization level as the initial optimization level when the climate does not change

significantly, the indoor and outdoor temperature and humidity have a sudden change and exceed
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a specified ratio threshold within a specified time interval, or the IT load has a sudden change and
exceeds a specified ratio threshold over a period of time. For example, if the outdoor temperature
is in the outdoor temperature range and the IT load has a sudden change and changes by more
than 50% within 4 hours, it is determined to perform the optimization calculation process with
the second optimization level as the initial optimization level. The specified time interval and the
specified ratio threshold may be both set on the basis of actual needs, which is not limited in the
present application.

[0057] In a case where the outdoor temperature is in a temperature critical range between different
outdoor temperature ranges, i.e., the climate is in a season switching state, e.g., setting the
outdoor temperature ranges on the basis of seasons as mentioned above, it is determined that
the climate is in the season switching state when an outdoor air temperature T is around 10 or
around 26. At this point, a priority is given to selecting an optimization mode that the operation
mode of the heating and ventilation device, the operation quantity of the heating and ventilation
device, and the internal control parameter of the device are optimized, i.e., an optimization
calculation process with the third optimization level as the initial optimization level is performed.

[0058] It needs to be noted that the above division of optimization levels and the setting of climate
conditions when each optimization level is used as the initial optimization level are only a feasible
mode of division and setting provided by the embodiment of the present application, and relevant
personnel may set more or fewer optimization levels on the basis of actual needs and set
corresponding climate conditions, which is not limited in the present application.

[0059] At Step 204, in a case of entering a target optimization level, optimization calculation is performed
on a corresponding data set by utilizing an optimization model of the target optimization level to
obtain a candidate energy consumption optimization strategy, wherein the target optimization
level is any one of the optimization levels where optimization is performed by using the initial
optimization level as the optimization starting point.

[0060] In the grading optimization process, the computer device starts the optimization process with the
initial optimization level as the optimization starting point, and ends the optimization process with
obtaining the target energy consumption optimization strategy or traversing all the optimization
levels as an optimization end point. In the process of performing grading optimization with the
determined initial optimization level as the optimization starting point, in order to further
improve the practicability of the obtained energy consumption optimization strategy, a security
and validity check is performed on each energy consumption optimization strategy obtained for
the optimization level, and whether the energy consumption optimization strategy is the target

energy consumption optimization strategy is determined on the basis of a check result.
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[0061] At Step 205, a security and validity check is performed on the candidate energy consumption
optimization strategy via a security and validity check model to obtain a check result of the
candidate energy consumption optimization strategy.

[0062] In the embodiment of the present application, the security and validity check on the energy
consumption optimization strategy performed by the computer device may include: an energy
consumption validity check, a cooling capacity security check, and an application state security
check. Correspondingly, the security and validity check model may include: an energy
consumption validity check model, a cooling capacity security check model, and an application
state security check model.

[0063] Performing the security and validity check on the energy consumption optimization strategy
obtained by the optimization model via the security and validity check model includes that: energy
consumption validity check is performed on the energy consumption optimization strategy via the
energy consumption validity check model to obtain a first sub-check result; cooling capacity
security check is performed on the energy consumption optimization strategy via the cooling
capacity security check model to obtain a second sub-check result; state security check is
performed on the energy consumption optimization strategy via the state security check model
to obtain a third sub-check result; and a check result is generated on the basis of the first sub-
check result, the second sub-check result, and the third sub-check result, wherein the check result
indicates that the energy consumption optimization strategy passes the check or fails to pass the
check.

[0064] Each sub-check result may be a predicted value of a check index of the corresponding model, and
whether the check of the corresponding model is passed is determined by determining whether
the predicted value of the corresponding check index satisfies a check condition of the
corresponding check index. Exemplarily, performing the energy consumption validity check on the
energy consumption optimization strategy by the energy consumption validity check model may
refer to inputting data corresponding to the energy consumption validity check in the energy
consumption optimization strategy into the energy consumption validity check model to obtain
the first sub-check result of the energy consumption validity check model, i.e., a predicted value
of electric energy utilization effectiveness under the energy consumption optimization strategy.
If the first sub-check result meets check conditions for the electric energy utilization effectiveness,
it is determined that the energy consumption validity check is passed. If the first sub-check result
does not meet the check conditions for the electric energy utilization effectiveness, it is
determined that the energy consumption validity check is failed. The check process for other sub-
check results indicating whether a check is passed may refer to the above description and will not

be repeated here.
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[0065] At Step 206, if the check result of the candidate energy consumption optimization strategy

indicates that the candidate energy consumption optimization strategy passes the check, the
candidate energy consumption optimization strategy is determined as the target energy

consumption optimization strategy.

[0066] In one possible implementation, when the first sub-check result, the second sub-check result, and

[0067]

[0068]

the third sub-check result all indicate that the check is passed, it is determined that the check
result indicates that the energy consumption optimization strategy passes the check. When there
is a sub-check result indicating that the check is failed in the first sub-check result, the second sub-
check result, and the third sub-check result, it is determined that the check result indicates that
the energy depletion optimization strategy fails the check. In one embodiment, the computer
device may also set a check ratio threshold to determine that the check result indicates that the
energy consumption optimization strategy passes the check when a ratio of the number of sub-
check results indicating that the check is passed to the total number of sub-check results is greater
than the check ratio threshold, and otherwise, determine that the check result indicates that the
energy consumption optimization strategy fails the check. A value of the check ratio threshold
may be set on the basis of actual needs, which is not limited in the present application. Exemplarily,
in an example of determining that the check result indicates that the energy consumption
optimization strategy passes the check when the first sub-check result, the second sub-check
result, and the third sub-check result all indicate that the check is passed, the above process of
the security and validity check on the energy consumption optimization strategy may be
represented as:

OptimalControls=Model_x*(Data_new)
(max(CurrentEnergy-Model_E(OptimalControls))/CurrentEnergy)&
(Model_C(OptimalControls)>=CurrentNeededCooling)&(MinSafeState<=Model_S(OptimalContr
ols)<=MaxSafeState)

where OptimalControls represents a target energy consumption optimization strategy, Model_x
represents an x-th optimization level, Data_new represents target operation data, CurrentEnergy
represents current energy consumption, CurrentNeededCooling represents a current cooling
capacity, MinSafeState represents a minimum value of state security, and MaxSafeState
represents a maximum value of the security state. It needs to be noted that the above settings of
the check conditions for the check indexes are only exemplary, and other check conditions may
be set on the basis of actual needs, which is not limited in the present application.

In the grading optimization process, a situation where the energy consumption optimization
strategy of the current optimization level does not pass the security and validity check is as

follows.:
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[0069] At step 207, in a case where the target optimization level is a non-highest optimization level
among the optimization levels and the check result of the candidate energy consumption
optimization strategy indicates that the candidate energy consumption optimization strategy fails
to pass the check, optimization calculation on a next optimization level of the target optimization
level as well as a security and validity check is performed.

[0070] At Step 208, in a case where the target optimization level is a highest optimization level among
the optimization levels and the check result of the candidate energy consumption optimization
strategy indicates that the candidate energy consumption optimization strategy fails to pass the
check, it is determined that the heating and ventilation device is not suitable for energy
consumption optimization.

[0071] In other words, when there is an optimization level higher than the target optimization level, and
the target energy consumption optimization strategy cannot not acquired on the basis of the
target optimization level, an optimization process for a next optimization level is performed.
Exemplarily, after the optimization calculation by utilizing an optimization model of an N-th
optimization level and the security and validity check are performed, if an acquired energy
consumption optimization strategy passes the check, the energy consumption optimization
strategy is determined as the target energy consumption optimization strategy and output, and
the grading optimization process is ended. If the acquired energy consumption optimization
strategy fails to pass the check, an optimization model of an (N+1)-th optimization level is utilized
to continue the optimization calculation and the security and validity check until the target energy
consumption optimization strategy is acquired or all the optimization levels are traversed, and N
is a positive integer. When a target energy consumption optimization strategy is not acquired
after all the optimization levels are traversed, it is determined that the current heating and
ventilation device is not suitable for energy consumption optimization, and a corresponding
prompt is output.

[0072] Since the process of performing optimization on an optimization level is a process of adjusting a
parameter corresponding to each optimization index in the data set corresponding to the
optimization level to achieve a purpose of reducing energy consumption, the same optimization
level may output different energy consumption optimization strategies in different iterative
optimization. Exemplarily, the optimization indexes of the first optimization level are internal
control parameters of the heating and ventilation device. The internal control parameters of the
heating and ventilation device may include parameters such as a frequency and a current
percentage. Different energy consumption optimization strategies may be generated on the basis
of setting combinations of different parameters. Therefore, in order to ensure the
comprehensiveness of the optimization process, the computer device may perform a plurality of

times of iterative optimization at one optimization level, on such basis, in a case that the check

14



result of the candidate energy consumption optimization strategy output from the target
optimization layer fails the check, the method further includes that: an iterative optimization
calculation is performed on the corresponding data set on the basis of the optimization model of
the target optimization level, and a security and validity check is performed; and in a case where
the number of iterative optimization calculations reaches a limit number of iterations and the
target energy consumption optimization strategy is not obtained, optimization calculation on the
next optimization level of the target optimization level as well as a security and validity check is
performed on the basis of a level situation of the target optimization level, or it is determined that
the heating and ventilation device is not suitable for the energy consumption optimization.

[0073] In the above process, if the target energy consumption optimization strategy is obtained when
the number of iterative optimization calculations does not reach the limit number of iterations,
the target energy consumption optimization strategy is output, and iterative optimization as well
as grading optimization are stopped. When the number of iterative optimization calculations
reaches the limit number of iterations, the target energy consumption optimization strategy is
still not obtained, then it means that the current optimization level (i.e., the target optimization
level) is unable to perform better energy consumption optimization, and in a case where the
current optimization level is a non-highest optimization level, optimization calculation on the next
optimization level of the current optimization level as well as a security and validity check are
performed. In a case where the current optimization level is a highest optimization level, it is
determined that the heating and ventilation device is not suitable for energy consumption
optimization. It needs to be noted that the value of the above limit number of iterations may be
set on the basis of actual needs, and settings of the limit number of iterations corresponding to
different optimization levels may be the same or different, which is not limited in the present
application.

[0074] In summary, in the energy consumption grading optimization method provided by the
embodiment of the present application, the target operation data related to the energy
consumption optimization is acquired, data grading is performed on the target operation data to
obtain the data sets of the optimization levels corresponding to different optimization indexes,
after the initial optimization level is determined on the basis of the device operation mechanism
and the current state grading optimization calculation is performed by using the initial
optimization level of each optimization level as the optimization starting point and on the basis
of the optimization models of the optimization levels and the data sets of the optimization levels
so as to obtain the target energy consumption optimization strategy that meets current actual
needs, and the energy consumption of the heating and ventilation device is optimized on the basis
of the target energy consumption optimization strategy. Through the above method, the initial

optimization level adapted to the device operation mechanism and the current state can be
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determined, so as to perform grading optimization on the basis of the initial optimization level as
the grading optimization starting point to formulate the energy consumption optimization
strategy, unnecessary optimization processes can be avoided, and the optimization efficiency is
improved. In addition, the practicality of the energy consumption optimization strategy is
improved because the obtained target energy consumption optimization strategy is adapted to
the current state and the device operation mechanism.

[0075] In the process of performing energy consumption grading optimization, changes in application
scenarios or application needs may lead to a situation where the model applied in the formulation
of the energy consumption optimization strategy is not applicable to the current application
scenario or application needs. At this point, the computer device may retrain the model applied
in the formulation of the energy consumption optimization strategy, and then formulate the
energy consumption optimization strategy on the basis of a retrained model to improve the
usability of the energy consumption optimization strategy. Thus, the method further includes the
following steps.

[0076] At Step 209, upon determining that a model retraining condition is met, historical operation data
is merged with the target operation data to form a sample set.

[0077] The energy consumption grading optimization method provided in the present application
involves the applications of the optimization models of the optimization levels as well as the
security and validity check model. In order to improve the accuracy of the energy consumption
grading optimization, the optimization models of the optimization levels as well as the security
and validity check model need to be retrained upon meeting the model retraining condition. In
one possible implementation, the computer device may judge whether the model retraining
condition is met after acquiring the target operation data related to the energy consumption
optimization. Or, in another possible implementation, the computer device may also judge
whether model retraining is needed on the basis of a preset judgment period, which is not limited
in the present application.

[0078] As an example, the computer device judges whether the condition for model retraining is met
after acquiring the target operation data related to energy consumption optimization, in this case,
after acquiring the target operation data, the computer device needs to first judge whether the
model involved in the process of energy consumption optimization needs to be retrained before
formulating the energy consumption optimization strategy on the basis of the target operation
data. If it is determined that the condition for model retraining is met, the process of model
retraining is performed, then the energy consumption optimization strategy is formulated on the
basis of the target operation data via the retrained model. If it is determined that the condition
for model retraining is not met, the energy consumption optimization strategy may be formulated

on the basis of the target operation data via the current model.
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[0079] The model retraining condition may include at least one of the following: a current time reaches
a preset training time, or the number of acquired strategy application negative feedback reaches
a number threshold.

[0080] In one embodiment, the computer device may also acquire strategy application feedback while
acquiring the target operation data. The strategy application feedback may be strategy
application positive feedback, or may be strategy application negative feedback. The computer
device may count the number of strategy application negative feedback. When it is determined
tahat the number of the acquired strategy application negative feedback reaches the number
threshold, it means that an energy consumption optimization effect of the energy consumption
optimization strategy formulated by the current model is poor, and cannot meet actual needs,
and it is determined that the model needs to be retrained. The number of the acquired strategy
application negative feedback may be the number of strategy application negative feedback
obtained cumulatively over a period of time, or the number of strategy application negative
feedback obtained consecutively.

[0081] Since the strategy formulated by the current model is no longer applicable to the actual needs,
and the model which is trained by only historical operation data may also be more applicable to
the previous state but not to the current needs, and thus, when model retraining is performed,
the target operation data is merged with the historical operation data to form a sample set for
model training.

[0082] At Step 210, data grading is performed on sample data in the sample set to obtain a sample data
set applied to a security and validity check model and a sample data set applied to the control
strategy grading optimization model. The sample data set applied to the security and validity
check model includes a sample data subset applied to an energy consumption validity check
model, a sample data subset applied to a cooling capacity security check model, and a sample
data subset applied to a state security check. The sample data set applied to the control strategy
grading optimization model includes sample data subsets applied to the optimization models of
the optimization levels.

[0083] In the embodiment of the present application, the models are trained respectively, and different
models correspond to different sample data subsets. The sample data subsets corresponding to
the models are obtained by performing data grading on the sample data in the sample set. This
process may be implemented as following.

[0084] Data grading cleaning, data grading check, index grading fusion, index grading extraction, and
index grading division are performed on sample data in the sample set to obtain the sample data
set applied to the security and validity check model and the sample data set applied to the control

strategy grading optimization model.
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[0085] The sample data set applied to the security and validity check includes a sample data subset
applied to an energy consumption validity check model, a sample data subset applied to a cooling
capacity security check model, and a sample data subset applied to a state security check. The
data set applied to the control strategy grading optimization model includes the sample data
subsets applied to the optimization models of the optimization levels. Exemplarily, the sample
data set applied to the security and validity check may be represented as {Data_E, Data_C, Data_S},
where Data_E represents a sample data subset applied to the energy consumption validity check
model, Data_C represents a sample data subset applied to the cooling capacity security check
model, and Data_S represents the sample data subset applied to the state security check model.
The sample data set applied to the control strategy grading optimization model may be
represented as {Data_01, Data_02, Data_03}, where Data_01 represents the sample data subset
applied to the first optimization level, Data_02 represents the sample data subset applied to the
second optimization level, and Data_03 represents the sample data subset applied to the third
optimization level.

[0086] Relevant contents of processing modes in the data grading refer to corresponding contents in step
202 and will not be repeated here.

[0087] At Step 211, model training is performed on the security and validity check model on the basis of
the sample data set applied to the security and validity check model, and model training is
performed on the control strategy grading optimization model on the basis of the sample data set
applied to the control strategy grading optimization model.

[0088] The process of performing model training on the security and validity check model on the basis of
the sample data set applied to the security and validity check model may be implemented as
following.

[0089] Deep learning training is performed on the energy consumption validity check model on the basis
of the sample data subset applied to the energy consumption validity check model to obtain a
retrained energy consumption validity check model; deep learning training is performed on the
cooling capacity security check model on the basis of the sample data subset applied to the
cooling capacity security check model to obtain a retrained cooling capacity security check model;
and deep learning training is performed on the state security check model on the basis of the
sample data subset applied to the state security check model to obtain a retrained state security
check model.

[0090] In one possible implementation, the computer device may utilize a neural network to establish a
corresponding model, e.g., a neural network such as a deep neural network (DNN) or a long short-
term memory (LSTM). Exemplarily, the computer device may utilize the DNN to establish the
energy consumption validity check model and the cooling capacity security check model, and

utilize the LSTM to establish the state security check model. It needs to be noted that the
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[0091]

[0092]

[0093]

[0094]

establishment of the above models is only exemplary, and the present application does not limit
the type of the neural network on which the establishment of the models is based.

Taking an example of utilizing the DNN to establish the energy consumption validity check model
as well as the cooling capacity security check model, and utilizing the LSTM to establish the state
security check model, loss functions used in the training process of the above three models may

be expressed as:

Model _E ~{min(y,,, — fouy (xData_E))z}
MOdeI_C ~{min(ycooling - fDNN (XData_C))Z}
Model _S ~{min(Yue — fisrm (XData_S ))2}

where Model_E represents the energy consumption validity check model, Model_C represents
the cooling capacity security check model, and Model_S represents the state security check model;
Xpata_E, Xpata_c, aNd Xpata_s respectively represent input data of the corresponding models, and ypqe,
Yeooling, aNd Ystate respectively represent power usage effectiveness, a cooling capacity, and a state
security parameter of the corresponding input data. Exemplarily, the state security parameter
may be a temperature of inlet and return air or inlet and return water, a pressure of the inlet and
return air or the inlet and return water, etc. The above input data as well as the value of y are
stored correspondingly in the data set, so as to update the model parameters during model
training via a difference between the value of y and a predicted value of y obtained by the model
on the basis of the input data, thus achieving model training and improving the accuracy of the
model. When the security and validity check model is applied, the parameters corresponding to
the candidate optimization strategy determined by the control strategy grading optimization
model are correspondingly input into the models of the security and validity check model so as to
obtain the corresponding sub-check results output by the models.

The process of performing the model training on the control strategy grading optimization model
on the basis of the sample data set applied to the control strategy grading optimization may be
implemented as following.

An optimization model of the first optimization level is trained by means of combined traversal
on the basis of a sample data subset of the first optimization level and an index parameter
constraint range of the first optimization level, and the optimization model of the first
optimization level is tested via the retrained security and validity check model, to obtain a
retrained optimization model of the first optimization level; an optimization model of the second
optimization level is trained by means of Bayesian optimization on the basis of a sample data
subset of the second optimization level and an index parameter constraint range of the second

optimization level, and the optimization model of the second optimization level is tested via the
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retrained security and validity check model, to obtain a retrained optimization model of the
second optimization level; and an optimization model of the third optimization level is trained by
means of reinforcement learning on the basis of a sample data subset of the third optimization
level and an index parameter constraint range of the third optimization level, and the optimization
model of the third optimization level is tested via the retrained security and validity check model,
to obtain a retrained optimization model of the third optimization level.

[0095] In the embodiment of the present application, in order to improve the effect of retraining the
optimization model, the computer device may first retrain the security and validity check model
so as to test the optimization model via the retrained security and validity check model to obtain
the retrained optimization model. For any optimization model, testing the optimization model via
the retrained security and validity check model may refer to that a security and validity check is
performed on the parameters in the energy consumption optimization strategy obtained by the
optimization model on the basis of the corresponding sample data subset via the retrained
security and validity check model, and determining that the optimization model passes the test
when the check result indicates that the check is passed, so as to obtain a retrained optimization
model.

[0096] In the above training process of the optimization model, for any optimization level, a group of
parameter data combinations in the sample data subset corresponding to the optimization level
is input into the optimization model, a predicted parameter data combination (i.e., the
parameters in the energy consumption optimization strategy predicted by the optimization model)
is obtained via the optimization model. If the parameter data in the predicted parameter data
combination is in the index parameter constraint range of the optimization level, the security and
validity check is performed on the predicted parameter data combination via the retrained
security and validity check model. Moreover, when the check result indicates a pass, the above
process is performed by the next group of parameter data combinations in the sample data subset
until a training completion condition is met, and the retrained optimization model is obtained.
The training completion condition may refer to the completion of iterative training of all
parameter data combinations of the sample data subset, or the number of times the trained
optimization model passes the test of the retrained security and validity check model is greater
than a number threshold, etc.

[0097] If there is parameter data in the predicted parameter data combination not falling within the
index parameter constraint range of the optimization level, or the check result indicates that the
check is not passed, the model parameters of the optimization model are optimized, the process
of acquiring the predicted parameter data combination is performed once again, and the

subsequent process is performed until a retrained optimization model is obtained.
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[0098] In the embodiment of the present application, the index parameter constraint range of each
optimization level is used to indicate an optimization space of the corresponding optimization
index. Exemplarily, if the constraint range of a frequency is 50 Hz-100 Hz, then a predicted
frequency in the predicted parameter data combination obtained by the optimization model
needs to be in a range of 50 Hz-100 Hz. If the predicted frequency exceeds the range, it means
that the optimization result of the optimization model is unreasonable, and model training needs
to be performed again.

[0099] At Step 212, grading optimization calculation is performed on the basis of the retrained control
strategy grading optimization model, and a security and validity check is performed on the basis
of the retrained security and validity check model.

[0100] After completing retraining of the models, the process of formulating the energy consumption
grading optimization strategy is performed on the basis of the retrained models.

[0101] By instantly updating the models used in the process of energy consumption grading optimization,
the energy consumption optimization strategy obtained on the basis of model processing may be
more in line with the current actual needs, thus improving the adaptability of the energy
consumption optimization strategy.

[0102] On the basis of the contents of the embodiments shown in FIG. 2, taking the process in which the
computer device judges whether the model retraining condition is met after acquiring the target
operation data related to energy consumption optimization, and a provision of three optimization
levels as an example, FIG. 3 shows a flowchart of an energy consumption grading optimization
method provided by an exemplary embodiment of the present application. The method may be
performed by a computer device. The computer device may be implemented as a management
device of a heating and ventilation device. As shown in FIG. 3, the energy consumption grading
optimization method may include the following steps.

[0103] At Step S301, target operation data is acquired.

[0104] At Step S302, whether a model retraining condition is met is judged, if not, step S303 is performed,
and otherwise, step S307 is performed.

[0105] The model retraining condition may include at least one of the following: a current time reaches
a preset training time, or the number of acquired strategy application negative feedback reaches
a number threshold. When t the model retraining condition includes a judgment on the number
of negative feedback, the computer device may acquire strategy application feedback while
acquiring the target operation data.

[0106] At Step S303, whether the target operation data passes optimization pre-detection is judged, if
yes, S304 is performed, and otherwise, it is determined that the heating and ventilation device is
not suitable for energy consumption optimization.

[0107] At Step S304, data grading is performed on the target operation data.
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[0108] The process may refer to the relevant contents in the embodiments shown in FIG. 2 and will not
be repeated here.

[0109] At Step S305, an initial optimization level is determined on the basis of a device operation
mechanism and a current state indicated by the target operation data, and grading optimization
calculation is performed.

[0110] The process may refer to the relevant contents in the embodiments shown in FIG. 2 and will not
be repeated here.

[0111] At Step S306, a target energy consumption optimization strategy is output.

[0112] At Step S307, historical operation data is merged with the target operation data to form a sample
set.

[0113] At Step 308, data grading is performed on sample data in the sample set to obtain a sample data
set applied to a security and validity check model and a sample data set applied to a control
strategy grading optimization model.

[0114] At Step 309, model training is performed on the security and validity check model on the basis of
the sample data set applied to the security and validity check model.

[0115] At Step 310, model training is performed on the control strategy grading optimization model on
the basis of the sample data set applied to the control strategy grading optimization.

[0116] After obtaining the retrained security and validity check model and the retrained control strategy
grading optimization model, step S305 is performed to obtain a target energy consumption
optimization strategy for the target operation data.

[0117] The implementation of the above process may refer to the relevant contents of the embodiments

of FIG. 2 and will not be repeated here.

[0118] FIG. 4 shows a schematic diagram of an energy consumption grading optimization system
provided by an exemplary embodiment of the present application. The system is configured to
perform all or part of the steps of the embodiments shown in FIG. 1, FIG. 2, or FIG. 3 to obtain a
target energy consumption optimization strategy. As shown in FIG. 4, the energy consumption
grading optimization system may include a data grading service module 410, a data grading
processing module 420, a security and validity check module 430, and a control strategy grading
optimization module 440. The data grading processing module 420, the security and validity check
module 430, and the control strategy grading optimization module 440 form an energy
consumption grading intelligent optimization module.

[0119] The data grading service module 410 is configured to acquire target operation data. The data
grading service module may serve as an intermediary between a real data center and the energy
consumption grading intelligent optimization module that performs energy consumption grading

optimization. The data grading service module, on the one hand, may collect various indoor and
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outdoor environment data, state data of device operation, setting parameters of device control,
control feedback data, a combined operation mode of devices, the operation quantity of devices,
load and energy consumption data of an IT center, energy consumption data of a refrigeration
device and a power supply, etc., from the real data center. Considering the need for subsequent
grading processing, the data grading service module, after acquiring the target operation data,
may also perform grading storage, grading forwarding, and constraint grading configuration on
the acquired target operation data. On the other hand, the data grading service module is also
responsible for issuing the target energy consumption optimization strategy obtained by the
energy consumption grading intelligent optimization module to the real data center.

[0120] The data grading processing module 420 is configured to perform data grading processing on the
input operation data, including data grading cleaning, data grading check, index grading fusion,
index grading extraction, and index grading division, to obtain a data set applied to a security and
validity check model and a data set applied to a control strategy grading optimization model, and
send the corresponding data sets to the security and validity check module 430 and the control
strategy grading optimization module 440 respectively.

[0121] The security and validity check module 430 may be configured to perform training on the security
and validity check model and to perform security and validity verification on the energy
consumption optimization strategy via the security and validity check model.

[0122] The control strategy grading optimization module 440 may be configured to perform training on
the control strategy grading optimization model, as well as to determine an initial optimization
level and perform a grading optimization calculation on the basis of optimization models of
optimization levels to obtain the target energy consumption optimization strategy.

[0123] FIG. 5 shows a structural block diagram of a computer device 500 showed by an exemplary
embodiment of the present application. The computer device may be implemented as a
management device of the heating and ventilation device in the above solution of the present
application. The computer device 500 includes a central processing unit (CPU) 501, a system
memory 504 including a random access memory (RAM) 502 and a read-only memory (ROM) 503,
and a system bus 505 connecting the system memory 504 and the central processing unit 501.
The computer device 500 further includes a mass storage device 506 for storing an operating
system 509, an application 510 and other program modules 511.

[0124] Without loss of generality, a computer-readable medium may include a computer storage
medium and a communication medium. The computer storage medium includes volatile and non-
volatile, removable and non-removable media implemented in any method or technology for
storing information, such as a computer-readable instruction, data structure, program module, or
other data. The computer storage medium includes a RAM, a ROM, an erasable programmable

read only memory (EPROM), an electrically-erasable programmable read-only memory (EEPROM)
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flash memory, or other solid-state storage technologies, a CD-ROM, a digital versatile disc (DVD),
or other optical storage, a tape cartridge, a tape, disk storage, or other magnetic storage devices.
Of course, those skilled in the art may know that the computer storage medium is not limited to
the above ones. The system memory 504 and the mass storage device 506 above may be
collectively referred to as a memory.

[0125] According to various embodiments of the present application, the computer device 500 may also
be connected to a remote computer on a network for operation via a network such as the Internet.
That is, the computer device 500 may be connected to a network 508 via a network interface unit
507 connected to the system bus 505, or, the computer device 500 may also be connected to
other types of networks or remote computer systems (not shown) using the network interface
unit 507.

[0126] The memory further includes at least one instruction, at least one segment of program, a code
set, or an instruction set. The at least one instruction, the at least one segment of program, the
code set, or the instruction set are stored in the memory. The central processing unit 501
implements all or some of the steps in the energy consumption grading optimization method
shown in the various embodiments above by executing the at least one instruction, the at least
one segment of program, the code set, or the instruction set.

[0127] In an exemplary embodiment, a computer-readable storage medium is further provided. The
computer-readable storage medium stores at least one computer program therein. The computer
program is loaded and executed by a processor to implement all or some of the steps of the above
application interaction method during a call. For example, the computer-readable storage
medium may be a read-only memory (ROM), a random-access memory (RAM), a compact disc
read-only memory (CD-ROM), a tape, a floppy disk, an optical data storage device, etc.

[0128] In an exemplary embodiment, a computer program product is further provided. The computer
program product includes at least one computer program that is loaded by a processor and
performs all or some of the steps of the energy consumption grading optimization method shown
in any one of the embodiments of FIG. 1, FIG. 2, or FIG. 3 above.

[0129] Other implementation solutions of the present application will be apparent to those skilled in the
art from consideration of the specification and practice of the invention disclosed here. The
present application is intended to cover any variation, use, or adaptation of the present
application that follows the general principles of the present application and includes common
general knowledge or customary technical means in the technical field that are not disclosed in
the present application. The specification and embodiments are considered exemplary merely,
and the true scope and spirit of the present application are indicated by the claims.

[0130] It should be understood that the present application is not limited to the exact construction that

has been described above and illustrated in the drawings, and that various modifications and
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changes may be made without departing from its scope. The scope of the present application is

merely limited by the appended claims.
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Claims

1. An energy consumption grading optimization method, comprising:

acquiring target operation data related to energy consumption optimization;

performing data grading on the target operation data to obtain data sets corresponding to
optimization levels, data sets of different optimization levels corresponding to different optimization
indexes;

determining an initial optimization level on the basis of a device operation mechanism and a
current state indicated by the target operation data; and

performing, by using the initial optimization level as an optimization starting point and on the
basis of optimization models of optimization levels and the data sets corresponding to optimization
levels, grading optimization calculation to obtain a target energy consumption optimization strategy,
so as to optimize energy consumption of a heating and ventilation device on the basis of the target
energy consumption optimization strategy.

2. The method according to claim 1, wherein performing, by using the initial optimization level
as the optimization starting point and on the basis of the optimization models of optimization levels
and the data sets corresponding to optimization levels, grading optimization calculation to obtain the
target energy consumption optimization strategy comprises:

performing, in a case of entering a target optimization level, optimization calculation on a
corresponding data set via an optimization model of the target optimization level to obtain a
candidate energy consumption optimization strategy, wherein the target optimization level is any one
of optimization levels where optimization is performed by using the initial optimization level as the
optimization starting point;

performing a security and validity check on the candidate energy consumption optimization
strategy via a security and validity check model to obtain a check result of the candidate energy
consumption optimization strategy; and

determining, in a case where the check result of the candidate energy consumption optimization
strategy indicates that the candidate energy consumption optimization strategy passes the check, the
candidate energy consumption optimization strategy as the target energy consumption optimization
strategy.

3. The method according to claim 2, further comprising:

performing, in a case where the target optimization level is a non-highest optimization level

among optimization levels and the check result of the candidate energy consumption optimization
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strategy indicates that the candidate energy consumption optimization strategy fails to pass the check,
optimization calculation on a next optimization level of the target optimization level, and a security
and validity check; or

determining, in a case where the target optimization level is a highest optimization level among
optimization levels and the check result of the candidate energy consumption optimization strategy
indicates that the candidate energy consumption optimization strategy fails to pass the check, that
the heating and ventilation device is not suitable for energy consumption optimization.

4. The method according to claim 3, wherein in a case where the check result of the candidate
energy consumption optimization strategy indicates that the candidate energy consumption
optimization strategy fails to pass the check, the method further comprises:

performing iterative optimization calculation on a corresponding data set on the basis of the
optimization model of the target optimization level, and a security and validity check; and

performing, in a case where a number of iterative optimization calculations reaches a limit
number of iterations and the target energy consumption optimization strategy is not obtained,
optimization calculation on the next optimization level of the target optimization level on the basis of
a level situation of the target optimization level and a security and validity check, or determining that
the heating and ventilation device is not suitable for energy consumption optimization.

5. The method according to claim 1, wherein the target operation data comprises indoor-and-
outdoor temperature and humidity and an information technology called IT load change situation;
and

determining the initial optimization level on the basis of the device operation mechanism and
the current state indicated by the target operation data comprises:

determining, in a case where the outdoor temperature is within a preset outdoor temperature
range, indoor-and-outdoor temperature and humidity changes periodically and an IT load changes
periodically, the initial optimization level to be a first optimization level, wherein the first optimization
level indicates that optimization is performed on an internal control parameter of the heating and
ventilation device;

determining, in a case where the outdoor temperature is within the outdoor temperature range,
and the indoor-and-outdoor temperature and humidity has a sudden change or the IT load has a
sudden change, the initial optimization level to be a second optimization level, wherein the second
optimization level indicates that optimization is performed on an operation quantity of the heating

and ventilation device and an internal control parameter of the heating and ventilation device; or
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determining, in a case where the outdoor temperature is in a temperature critical range between
different outdoor temperature ranges, the initial optimization level to be a third optimization level,
wherein the third optimization level indicates that optimization is performed on an operation mode
of the heating and ventilation device, an operation quantity of the heating and ventilation device and
an internal control parameter of the heating and ventilation device.

6. The method according to claim 1, wherein performing data grading on the target operation
data to obtain the data sets corresponding to optimization levels comprises:

performing data grading cleaning, data grading check, index grading fusion, index grading
extraction, and index grading division on the target operation data to obtain a data set applied to a
security and validity check model; wherein a control strategy grading optimization model comprises
optimization models of different optimization levels; and a data set applied to the control strategy
grading optimization model comprises data subsets applied to the optimization models of different
optimization levels;

wherein the data grading check is used to check correctness of pieces of sample data; the index
grading fusion is used to perform data statistics on relevant indexes to generate a new index; the
index grading extraction is used to extract index sets required by different models to form
corresponding data subsets; and the index grading division is used for divide different indexes by type.

7. The method according to claim 2, wherein the security and validity check model comprises an
energy consumption validity check model, a cooling capacity security check model, and a state
security check model; and performing the security and validity check on the energy consumption
optimization strategy obtained by the optimization model via the security and validity check model
comprises:

performing an energy consumption validity check on the energy consumption optimization
strategy via the energy consumption validity check model to obtain a first sub-check result;

performing a cooling capacity security check on the energy consumption optimization strategy
via the cooling capacity security check model to obtain a second sub-check result;

performing a state security check on the energy consumption optimization strategy via the state
security check model to obtain a third sub-check result; and

generating a check result on the basis of the first sub-check result, the second sub-check result,
and the third sub-check result, wherein the check result indicates that the energy consumption
optimization strategy passes check or fails to pass check.

8. The method according to claim 1, further comprising:
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merging, upon determining that a model retraining condition is met, historical operation data
with the target operation data to form a sample set;

performing data grading on sample data in the sample set to obtain a sample data set applied to
a security and validity check model and a sample data set applied to a control strategy grading
optimization model; wherein the sample data set applied to the security and validity check model
comprises a sample data subset applied to an energy consumption validity check model, a sample
data subset applied to a cooling capacity security check model, and a sample data subset applied to a
state security check; and the sample data set applied to the control strategy grading optimization
model comprises sample data subsets applied to the optimization models of the optimization levels;

performing model training on the security and validity check model on the basis of the sample
data set applied to the security and validity check model, and performing model training on the
control strategy grading optimization model on the basis of the sample data set applied to the control
strategy grading optimization model; and

performing grading optimization calculation on the basis of a retrained control strategy grading
optimization model, and performing a security and validity check on the basis of a retrained security
and validity check model.

9. The method according to claim 8, wherein performing model training on the security and
validity check model on the basis of the sample data set applied to the security and validity check
model comprises:

performing deep learning training on the energy consumption validity check model on the basis
of the sample data subset applied to the energy consumption validity check model to obtain a
retrained energy consumption validity check model;

performing deep learning training on the cooling capacity security check model on the basis of
the sample data subset applied to the cooling capacity security check model to obtain a retrained
cooling capacity security check model; and

performing deep learning training on the state security check model on the basis of the sample
data subset applied to the state security check model to obtain a retrained state security check model.

10. The method according to claim 8, wherein performing the model training on the control
strategy grading optimization model on the basis of the sample data set applied to the control strategy
grading optimization model comprises:

training an optimization model of a first optimization level by means of combined traversal on

the basis of a sample data subset of the first optimization level and an index parameter constraint
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range of the first optimization level, and testing the optimization model of the first optimization level
via the retrained security and validity check model, to obtain a retrained optimization model of the
first optimization level;

training an optimization model of a second optimization level by means of Bayesian optimization
on the basis of a sample data subset of the second optimization level and an index parameter
constraint range of the second optimization level, and testing the optimization model of the second
optimization level via the retrained security and validity check model, to obtain a retrained
optimization model of the second optimization level; and

training an optimization model of a third optimization level by means of reinforcement learning
on the basis of a sample data subset of the third optimization level and an index parameter constraint
range of the third optimization level, and testing the optimization model of the third optimization
level via the retrained security and validity check model, to obtain a retrained optimization model of
the third optimization level.

11. The method according to claim 8, wherein the model retraining condition comprises at least
one of the following: a current time reaches a preset training time, or a number of acquired strategy
application negative feedback reaches a number threshold.

12. The method according to claim 1, wherein prior to performing data grading on the target
operation data to obtain the data sets corresponding to optimization levels, the method further
comprises:

performing optimization pre-detection on the target operation data via an optimization pre-
detection index to obtain an optimization pre-detection result; wherein the optimization pre-
detection index comprises at least one of the following: detecting whether indexes needed by the
models are missing, or checking whether a business relationship between the indexes is valid; and

performing data grading on the target operation data to obtain the data sets corresponding to
optimization levels comprises:

performing, in a case where the optimization pre-detection result indicates that the target
operation data passes pre-detection, data grading on the target operation data to obtain the data sets
corresponding to the optimization levels.

13. The method according to claim 12, further comprising:

determining, in a case where the optimization pre-detection result indicates that the target
operation data fails to pass pre-detection, that the heating and ventilation device is not suitable for

energy consumption optimization.
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14. A computer device, comprising a processor and a memory, wherein the memory stores at
least one computer program, and the at least one computer program is loaded and executed by the
processor to implement the energy consumption grading optimization method according to any one
of claims 1 to 13.

15. A computer-readable storage medium, storing at least one computer program therein,
wherein the computer program is loaded and executed by a processor to implement the energy

consumption grading optimization method according to any one of claims 1 to 13.
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