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THERMAL LOAD PREDICTION METHOD AND APPARATUS,
READABLE MEDIUM, AND ELECTRONIC DEVICE

TECHNICAL FIELD

[0001] The present disclosure relates to the technical field of electrical engineering, and in
particular, to a thermal load prediction method and apparatus, a readable medium, and an

electronic device.

BACKGROUND

[0002] In order to achieve efficient scheduling of boiler steam, it is generally necessary to
predict thermal loads corresponding to future time periods in which a steam user uses steam.
[0003] Currently, an autoregressive integrated moving average model (ARIMA model) is
generally used to predict thermal load magnitudes respectively corresponding to future time
periods in which the steam user uses boiler steam.

[0004]  When the ARIMA model can predict only thermal load magnitudes corresponding
to future time periods in which the steam user uses steam, a specific value is predicted. For
the team user uses boiler steam irregularly in multiple continuous historical time periods, one
or more predicted thermal load magnitudes may significantly differ from a current thermal
load magnitude corresponding to a corresponding future time period in which the steam user
actually uses boiler steam, and a single-point error occurs. As a result, boiler steam cannot be

efficiently scheduled in the subsequent process.

SUMMARY

[0005] The present disclosure provides a thermal load prediction method and apparatus, a
readable medium, and an electronic device, which can predict thermal load ranges

respectively corresponding to future time period in which a steam user uses boiler steam and
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facilitate more efficient scheduling of boiler steam in the subsequent process.

[0006] In a first aspect, the present disclosure provides a thermal load prediction method,
including:

[0007] configuring multiple prediction states and error thresholds respectively
corresponding thereto, and forming a prediction model corresponding to a target steam user;
[0008] calling the prediction model to predict first thermal load magnitudes respectively
corresponding to multiple testing time periods in which the target steam user uses boiler
steam;

[0009] determining, according to the first thermal load magnitudes respectively
corresponding to the testing time periods, relative prediction errors respectively
corresponding to the testing time periods;

[0010] forming a state transition probability matrix according to the relative prediction
errors respectively corresponding to the testing time periods and the error thresholds
respectively corresponding to the prediction states, and determining a state confidence
probability of each prediction state in each future time period according to the state transition
probability matrix;

[0011] calling the prediction model to predict second thermal load magnitudes
respectively corresponding to the future time periods in which the target steam user uses
boiler steam; and

[0012] for each future time period, determining, according to the second thermal load
magnitude corresponding to the future time period, the state confidence probability of each
prediction state in the future time period, and the error thresholds respectively corresponding
to the prediction states, a thermal load range corresponding to the future time period in which
the target steam user uses boiler steam.

[0013] Preferably,

[0014] the determining, according to the first thermal load magnitudes respectively
corresponding to the testing time periods, relative prediction errors respectively
corresponding to the testing time periods includes:

[0015] acquiring actual thermal load magnitudes respectively corresponding to the testing

time periods in which the target steam user uses boiler steam; and
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[0016] calculating the relative prediction errors respectively corresponding to the testing

time periods through the following formula 1:

Q@)
[0017] wherein represents a relative prediction error corresponding to an i" testing

F

time period, . represents an actual thermal load magnitude corresponding to the i testing

time period, and /; represents a first thermal load magnitude corresponding to the i testing

time period.

[0018] Preferably,

[0019] the forming a state transition probability matrix according to the relative prediction
errors respectively corresponding to the testing time periods and the error thresholds
respectively corresponding to the prediction states, and determining a state confidence
probability of each prediction state in each future time period according to the state transition
probability matrix includes:

[0020] determining a trusted prediction state corresponding to each testing time period
according to the relative prediction errors respectively corresponding to the testing time
periods and the error thresholds respectively corresponding to the prediction states;

[0021] determining the number of times of state transitions respectively corresponding to
prediction state transition types according to trusted prediction states respectively
corresponding to each two adjacent testing time periods;

[0022] determining a state transition probability corresponding to each state transition
type according to the number of times of state transitions corresponding to each state
transition type;

[0023] forming the state transition probability matrix by using the state transition
probability corresponding to each state transition type;

[0024] determining an initial probability matrix of the prediction states in a current time
period; and

[0025] determining confidence probabilities of the prediction states in the future time

periods according to the initial probability matrix and the state transition probability matrix.
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[0026] Preferably,

[0027] the determining confidence probabilities of the prediction states in the future time
periods according to the initial probability matrix and the state transition probability matrix
includes:

[0028] calculating the confidence probabilities of the prediction states in the future time

periods through the following formula 2;

X(n)= Xx(0)* P" @

represents a confidence probability matrix of the prediction states

X(n)

in an nth future time period in which a cut-off time point of the current time period is taken as

[0029] wherein

a starting time point, X (O) represents an initial probability matrix corresponding to the
current time period, and P represents the state transition probability matrix; and

[0030] for each future time period, extracting the confidence probabilities of the
prediction states in the future time periods from a confidence probability matrix
corresponding to the future time period.

[0031] Preferably,

[0032] the determining, according to the second thermal load magnitude corresponding to
the future time period, the state confidence probability of each prediction state in the future
time period, and the error thresholds respectively corresponding to the prediction states, a
thermal load range corresponding to the future time period in which the target steam user uses
boiler steam includes:

[0033] determining a maximum confidence probability from the confidence probabilities
of the prediction states in the future time periods;

[0034] determining a prediction state corresponding to the maximum confidence
probability as a target prediction state; and

[0035] determining, according to an error threshold corresponding to the target prediction
state and the second thermal load magnitude corresponding to the future time period, the
thermal load range corresponding to the future time period in which the target steam user uses
boiler steam.

[0036] Preferably,
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[0037] the determining, according to an error threshold corresponding to the target
prediction state and the second thermal load magnitude corresponding to the future time
period, the thermal load range corresponding to the future time period in which the target
steam user uses boiler steam includes:

[0038] calculating an upper critical value and a lower critical value corresponding to the
future time period in which the target steam user uses boiler steam through the following

formula 3:

y:Y/(1+e) 3)
[0039] wherein y represents the upper critical value or lower critical value corresponding
to the future time period, Y represents the second thermal load magnitude corresponding to
the future time period, and e represents an upper extremum or a lower extremum of the error
threshold corresponding to the target prediction state; and
[0040] determining, according to the upper critical value and the lower critical value, the
thermal load range corresponding to the future time period in which the target steam user uses
boiler steam.
[0041] Preferably,
[0042] the multiple prediction states specifically include: an extreme overestimate state,
an overestimate state, a normal state, an underestimate state, and an extreme underestimate
state; wherein
[0043] an error threshold corresponding to the extreme overestimate state is specifically
more than 10%;
[0044] an error threshold corresponding to the overestimate state is specifically more than
5% and no more than 10%;
[0045] an error threshold corresponding to the normal state is specifically no less than
-5% and no more than 5%;
[0046] an error threshold corresponding to the underestimate state is specifically no less
than -10% and less than -5%; and
[0047] an error threshold corresponding to the extreme underestimate state is specifically

less than -10%.
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[0048] In a second aspect, the present disclosure provides a thermal load prediction
apparatus, including:

[0049] a pre-processing module configured to configure multiple prediction states and
error thresholds respectively corresponding thereto, and form a prediction model
corresponding to a target steam user;

[0050] a model calling module configured to call the prediction model to predict first
thermal load magnitudes respectively corresponding to multiple testing time periods in which
the target steam user uses boiler steam; and call the prediction model to predict second
thermal load magnitudes respectively corresponding to the future time periods in which the
target steam user uses boiler steam;

[0051] an error processing module configured to determine, according to the first thermal
load magnitudes respectively corresponding to the testing time periods, relative prediction
errors respectively corresponding to the testing time periods;

[0052] a state probability determination module configured to form a state transition
probability matrix according to the relative prediction errors respectively corresponding to the
testing time periods and the error thresholds respectively corresponding to the prediction
states, and determine a state confidence probability of each prediction state in each future time
period according to the state transition probability matrix; and

[0053] a thermal load range prediction module configured to, for each future time period,
determine, according to the second thermal load magnitude corresponding to the future time
period, the state confidence probability of each prediction state in the future time period, and
the error thresholds respectively corresponding to the prediction states, a thermal load range
corresponding to the future time period in which the target steam user uses boiler steam.
[0054] In a third aspect, the present disclosure provides a readable medium, including
execution instructions, when a processor of an electronic device executes the execution
instructions, the electronic device performing the method as described in the first aspect.
[0055] In a fourth aspect, the present disclosure provides an electronic device, including:
a processor, a memory, and a bus; the memory being configured to store execution
instructions, the processor and the memory being connected through the bus, and when the

electronic device runs, the processor executing the execution instructions stored in the
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memory to cause the processor the perform the method as described in the first aspect.

[0056] The present disclosure provides a thermal load prediction method and apparatus, a
readable medium, and an electronic device. According to the method, multiple prediction
states and error thresholds respectively corresponding thereto are configured, and a prediction
model corresponding to a target steam user is formed; after the prediction model is called to
predict first thermal load magnitudes respectively corresponding to multiple testing time
periods in which the target steam user uses boiler steam, relative prediction errors respectively
corresponding to the testing time periods may be determined according to the first thermal
load magnitudes respectively corresponding to the testing time periods; then a state transition
probability matrix is formed according to the relative prediction errors respectively
corresponding to the testing time periods, and a state confidence probability of each
prediction state in each future time period is determined according to the state transition
probability matrix; after the prediction model is re-called to predict second thermal load
magnitudes respectively corresponding to the future time periods in which the target steam
user uses boiler steam, for each future time period, a thermal load range corresponding to the
future time period in which the target steam user uses boiler steam may be determined
according to the second thermal load magnitude corresponding thereto, the state confidence
probability of each prediction state thereof, and the error thresholds respectively
corresponding to the prediction states, thereby optimizing the predicted second thermal load
magnitudes without a single-point error, which can facilitate more efficient scheduling of

boiler steam in the subsequent process.

BRIEF DESCRIPTION OF DRAWINGS

[0057] In order to more clearly illustrate technical solutions in embodiments of the
present disclosure or in the existing technology, the accompanying drawings used in the
embodiments or the existing technology are briefly introduced as follows. Apparently, the
drawings described as follows are merely part of the embodiments of the present disclosure,
other drawings can also be acquired by those skilled in the art without paying creative efforts.

[0058] FIG. 1 is a schematic flowchart of a thermal load prediction method according to
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an embodiment of the present disclosure;

[0059] FIG. 2 is a schematic flowchart of another thermal load prediction method
according to an embodiment of the present disclosure;

[0060] FIG. 3 is a schematic structural diagram of a thermal load prediction apparatus
according to an embodiment of the present disclosure; and

[0061] FIG. 4 is a schematic structural diagram of an electronic device according to an

embodiment of the present disclosure.

DESCRIPTION OF EMBODIMENTS

[0062] To make the objectives, technical solutions, and advantages of the present
disclosure much clearer, the technical solutions of the present disclosure are described clearly
and completely below with reference to specific embodiments and corresponding drawings. It
IS obvious that the embodiments to be described are only a part rather than all of the
embodiments of the present disclosure. All other embodiments derived by those of ordinary
skill in the art based on the embodiments of the present disclosure without paying creative
efforts should fall within the protection scope of the present disclosure.

[0063] As shown in FIG. 1, an embodiment of the present disclosure provides a thermal
load prediction method, including the following steps.

[0064] Step 101: Configure multiple prediction states and error thresholds respectively
corresponding thereto, and form a prediction model corresponding to a target steam user.
[0065] Step 102: Call the prediction model to predict first thermal load magnitudes
respectively corresponding to multiple testing time periods in which the target steam user uses
boiler steam.

[0066] Step 103: Determine, according to the first thermal load magnitudes respectively
corresponding to the testing time periods, relative prediction errors respectively
corresponding to the testing time periods.

[0067] Step 104: Form a state transition probability matrix according to the relative
prediction errors respectively corresponding to the testing time periods and the error

thresholds respectively corresponding to the prediction states, and determine a state



10

15

20

25

30

confidence probability of each prediction state in each future time period according to the
state transition probability matrix.

[0068] Step 105: Call the prediction model to predict second thermal load magnitudes
respectively corresponding to the future time periods in which the target steam user uses
boiler steam.

[0069] Step 106: For each future time period, determine, according to the second thermal
load magnitude corresponding to the future time period, the state confidence probability of
each prediction state in the future time period, and the error thresholds respectively
corresponding to the prediction states, a thermal load range corresponding to the future time
period in which the target steam user uses boiler steam.

[0070] In the embodiment as shown in FIG 1, according to the method, multiple
prediction states and error thresholds respectively corresponding thereto are configured, and a
prediction model corresponding to a target steam user is formed; after the prediction model is
called to predict first thermal load magnitudes respectively corresponding to multiple testing
time periods in which the target steam user uses boiler steam, relative prediction errors
respectively corresponding to the testing time periods may be determined according to the
first thermal load magnitudes respectively corresponding to the testing time periods; then a
state transition probability matrix is formed according to the relative prediction errors
respectively corresponding to the testing time periods, and a state confidence probability of
each prediction state in each future time period is determined according to the state transition
probability matrix; after the prediction model is re-called to predict second thermal load
magnitudes respectively corresponding to the future time periods in which the target steam
user uses boiler steam, for each future time period, a thermal load range corresponding to the
future time period in which the target steam user uses boiler steam may be determined
according to the second thermal load magnitude corresponding thereto, the state confidence
probability of each prediction state thereof, and the error thresholds respectively
corresponding to the prediction states, thereby optimizing the predicted second thermal load
magnitudes without a single-point error, which can facilitate more efficient scheduling of
boiler steam in the subsequent process.

[0071] The prediction model may specifically be an ARIMA model or a gradient boost
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regression tree (GBRT) prediction model. Both the ARIMA model and the GBRT prediction
model need to be formed based on actual thermal load magnitudes respectively corresponding
to multiple continuous historical time periods in which a target steam user uses boiler steam.
[0072] It needs to be noted that “historical time period”, “testing time period”, and “future
time period” described in any part of the embodiments of the present disclosure all have the
same time length, which may specifically be one hour. It is obvious that in some special
service scenarios, the time length of the time periods may also be set to other values.

[0073] In a preferred embodiment of the present disclosure, the multiple prediction states
specifically include: an extreme overestimate state, an overestimate state, a normal state, an
underestimate state, and an extreme underestimate state; wherein

[0074] an error threshold corresponding to the extreme overestimate state is specifically
more than 10%;

[0075] an error threshold corresponding to the overestimate state is specifically more than
5% and no more than 10%;

[0076] an error threshold corresponding to the normal state is specifically no less than
-5% and no more than 5%;

[0077] an error threshold corresponding to the underestimate state is specifically no less
than -10% and less than -5%; and

[0078] an error threshold corresponding to the extreme underestimate state is specifically
less than -10%.

[0079] The multiple prediction states set in the embodiment may be increased or
decreased by the user in combination with different requirements of actual service scenarios.
The prediction states are respectively configured with different error thresholds. Upon
verification by a limited number of experiments, when the error thresholds respectively
corresponding to the prediction states are the threshold in the foregoing embodiment, it may
ensure that actual thermal load magnitudes respectively corresponding to the future time
periods in which the target steam user uses boiler steam are within the corresponding thermal
load ranges predicted through the technical solution provided in the embodiment of the
present disclosure. That is, this ensures that the technical solution provided in the embodiment

of the present disclosure can more accurately predict thermal load magnitudes respectively

10
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corresponding to future time periods in which a target steam user uses boiler steam.

[0080] For ease of description, in subsequent embodiments of the present disclosure, only
S1 is used to represent an extreme overestimate state, S2 is used to represent an overestimate
state, S3 is used to represent a normal state, S4 is used to represent an underestimate state, and
S5 is used to represent an extreme underestimate state.

[0081] In a preferred embodiment of the present disclosure, the determining, according to
the first thermal load magnitudes respectively corresponding to the testing time periods,
relative prediction errors respectively corresponding to the testing time periods includes:
[0082] acquiring actual thermal load magnitudes respectively corresponding to the testing
time periods in which the target steam user uses boiler steam; and

[0083] calculating the relative prediction errors respectively corresponding to the testing

time periods through the following formula 1:

L)
[0084] wherein represents a relative prediction error corresponding to an i" testing

F

time period, . represents an actual thermal load magnitude corresponding to the i testing

time period, and /; represents a first thermal load magnitude corresponding to the i testing
time period.

[0085] In the embodiment, first thermal load magnitudes respectively corresponding to
the testing time periods in which the target steam user uses boiler steam are predicted through
the prediction module. After the actual thermal load magnitudes respectively corresponding to
the testing time periods in which the target steam user uses boiler steam are acquired, the first
thermal load magnitudes and the actual thermal load magnitudes respectively corresponding
to the testing time periods are further processed through the formula 1. Each relative
prediction error obtained can be used to evaluate a prediction state between the predicted first
thermal load magnitude and the actual thermal load magnitude corresponding to a
corresponding testing time period, and an error magnitude of the first thermal load magnitude
corresponding to the corresponding testing time period is measured.

[0086] In a preferred embodiment of the present disclosure, the forming a state transition

11
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probability matrix according to the relative prediction errors respectively corresponding to the
testing time periods and the error thresholds respectively corresponding to the prediction
states, and determining a state confidence probability of each prediction state in each future
time period according to the state transition probability matrix includes:

[0087] determining a trusted prediction state corresponding to each testing time period
according to the relative prediction errors respectively corresponding to the testing time
periods and the error thresholds respectively corresponding to the prediction states;

[0088] determining the number of times of state transitions respectively corresponding to
prediction state transition types according to trusted prediction states respectively
corresponding to each two adjacent testing time periods;

[0089] determining a state transition probability corresponding to each state transition
type according to the number of times of state transitions corresponding to each state
transition type;

[0090] forming the state transition probability matrix by using the state transition
probability corresponding to each state transition type;

[0091] determining an initial probability matrix of the prediction states in a current time
period; and

[0092] determining confidence probabilities of the prediction states in the future time
periods according to the initial probability matrix and the state transition probability matrix.

[0093] For example, if the relative prediction error E, corresponding to the i testing

time period is calculated through the formula 1 is 6%, it may be determined according to the
error thresholds respectively corresponding to the prediction states S1, S2, S3, S4, and S5 in
the foregoing embodiment that 6% is within the error threshold corresponding to the
overestimate state S2, and then the overestimate state S2 may be determined as a trusted
prediction state corresponding to the i*" testing time period.

[0094] In the embodiment, the prediction state transition type specifically refers to a
situation in which one of the multiple prediction states transits to a current prediction state or
other prediction states. Specifically, taking the five prediction states S1, S2, S3, S4, and S5 in

the foregoing embodiment as an example, S1 corresponds to the following five transitions:

12
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transition from S1 to S1, transition from S1 to S2, transition from S1 to S, transition from S1
to S4, and transition from S4 to S5. Based on the similar principle, S2, S3, S4, and S5 also
corresponding to five transitions respectively. Each transition is a prediction state transition
type. Then, there may be 25 prediction state transition types here.

[0095] In this embodiment, taking n continuous testing time periods as an example, if a
trusted prediction state corresponding to an i-1"" testing time period is S1, a trusted prediction
state corresponding to an i testing time period is S2, and the number of times of state
transitions corresponding to the prediction state transition type of the transition from S1 to S2
is increased by 1. After the foregoing process is performed for each two adjacent testing time
periods, the number of times of state transitions respectively corresponding to the prediction
state transition types may be obtained. Further, for a state transition type, a ratio of the
number of times of state transitions corresponding thereto to the total number n of the testing
time periods is a state transition probability P corresponding to the state transition type.

[0096] Specifically, positions of the state transition probabilities respectively
corresponding to the state transition types in the formed state transition probability matrix
may be obtained with reference to Table 1 below:

[0097]  Tablel

Ps1-s1 Ps1i-s2 Ps1-s3 Psi-s4 Ps1-s5
Ps2-s1 Ps2-s2 Ps2-s3 Ps2-sa Ps2-s5
Ps3-s1 Ps3-s2 Ps3-s3 Ps3-s4 Ps3-s5
Pss-s1 Pss-s2 Pss-s3 Psa-sa Ps4-s5
Pss-s1 Pss-s2 Pss-s3 Pss-sa Pss-s5

[0098] It should be noted that the state transition probability Psi-s2 in Table 1 specifically
represents a state transition probability corresponding to the state transition type “transition
from S1to S2”, and a person skilled in the art can understand the state transition probabilities
in Table 1 according to similar rules.

[0099] It should also be noted that a row-column position corresponding to each state
transition probability in Table 1 is, when the state transition probability serves as an element

in the state transition probability matrix, a row-column position corresponding to the element

13
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in the state transition probability.

[00100] In the embodiment, a trusted prediction state corresponding to a current time
period may be determined with a similar method when an initial probability matrix of the
prediction states in the current time period is determined. The initial probability matrix has 5
elements, which are initial probabilities of the prediction states S1, S2, S3, S4, and S5
sequentially. Moreover, only the initial probability of the trusted prediction state
corresponding to the current time period is 1, and the initial probabilities of the other
prediction states are all 0.

[00101] In the embodiment, when confidence probabilities of the prediction states in the
future time periods are determined according to the initial probability matrix and the state
transition probability matrix, for one future time period, a higher confidence probability of a
current prediction state in the future time period indicates a higher probability that a
prediction state corresponding to a second thermal load magnitude is a current prediction state
when the formed prediction model is called to predict the corresponding second thermal load
magnitude in the future time period in which the target steam user uses boiler steam, so as to
facilitate optimization of the corresponding second thermal load magnitude in the future time
period predicted by the prediction model according to the confidence probabilities of the
prediction states in the future time period, thereby more accurately determining a
corresponding thermal load range in the future time period when the target steam user uses
boiler steam.

[00102] Specifically, in an embodiment of the present disclosure, the determining
confidence probabilities of the prediction states in the future time periods according to the
initial probability matrix and the state transition probability matrix includes:

[00103] calculating the confidence probabilities of the prediction states in the future time

periods through the following formula 2;

X(n)=Xx(0)* p" @

represents a confidence probability matrix of the prediction states

X(n)

in an nth future time period in which a cut-off time point of the current time period is taken as

[00104]  wherein

a starting time point, X(O) represents an initial probability matrix corresponding to the

14
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current time period, and P represents the state transition probability matrix; and

[00105] for each future time period, extracting the confidence probabilities of the
prediction states in the future time periods from a confidence probability matrix
corresponding to the future time period.

[00106] In a confidence probability matrix corresponding to an n' time period obtained
through the foregoing formula 2, taking that the multiple prediction states in the foregoing
embodiment specifically include S1, S2, S3, S4, and S5 as an example, the confidence
probability matrix may include 5 elements, which are sequentially confidence probabilities
relative to the prediction states S1, S2, S3, S4, and S5 in an n'" future time period.

[00107] In a preferred embodiment of the present disclosure, the determining, according to
the second thermal load magnitude corresponding to the future time period, the state
confidence probability of each prediction state in the future time period, and the error
thresholds respectively corresponding to the prediction states, a thermal load range
corresponding to the future time period in which the target steam user uses boiler steam
includes:

[00108] determining a maximum confidence probability from the confidence probabilities
of the prediction states in the future time periods;

[00109] determining a prediction state corresponding to the maximum confidence
probability as a target prediction state; and

[00110] determining, according to an error threshold corresponding to the target prediction
state and the second thermal load magnitude corresponding to the future time period, the
thermal load range corresponding to the future time period in which the target steam user uses
boiler steam.

[00111] Specifically, in a preferred embodiment of the present disclosure, the determining,
according to an error threshold corresponding to the target prediction state and the second
thermal load magnitude corresponding to the future time period, the thermal load range
corresponding to the future time period in which the target steam user uses boiler steam
includes:

[00112] calculating an upper critical value and a lower critical value corresponding to the

future time period in which the target steam user uses boiler steam through the following
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formula 3:

y:Y/(1+e) 3)

[00113] wherein y represents the upper critical value or lower critical value corresponding
to the future time period, Y represents the second thermal load magnitude corresponding to
the future time period, and e represents an upper extremum or a lower extremum of the error
threshold corresponding to the target prediction state; and

[00114] determining, according to the upper critical value and the lower critical value, the
thermal load range corresponding to the future time period in which the target steam user uses
boiler steam.

[00115] Inthe embodiment, if a confidence probability relative to a current prediction state
in a future time period is higher, it indicates that when the prediction model is called to predict
a corresponding second thermal load magnitude in the future timer period when the target
steam user uses boiler steam, a probability that a prediction state corresponding to the
predicted second thermal load magnitude is the current prediction state is higher. Therefore,
after a prediction state corresponding to a maximum confidence probability is determined as a
target state, the predicted second thermal load magnitude is optimized through the foregoing
formula 3 according to the error threshold corresponding to the target prediction state, and
then a thermal load range corresponding to the future time period in which the target steam
user uses boiler steam can be more accurately determined.

[00116] For example, if it is determined that a confidence probability corresponding to the
prediction state S2 is the highest in state confidence probabilities relative to the prediction
states S1, S2, S3, S4, and S5 in a j" future time period, it indicates that, when a corresponding
second thermal load magnitude in the j™ future time period in which the target steam user uses
boiler steam is predicted through the prediction model, a probability that the predicted second
thermal load magnitude corresponds to an overestimated state is higher. Specifically, referring
to the foregoing embodiment, the error threshold corresponding to the prediction state S2 is
more than 5% and no more than 10%, that is, an upper extremum (a maximum value or a limit
value to which the maximum value approximates) corresponding to the overestimate state S2

is 10% and a lower extremum (a minimum value or a limit value to which the minimum value
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approximates) is 5%, and the second thermal load magnitude corresponding to the j future
time period predicted by the prediction model is Y (a probability of the predicted Y value
being overestimated is extremely high); then, it may be calculated through the foregoing
formula 3 that an upper critical value corresponding to the i*" future time period is 0.95Y and
a lower critical value is 0.91Y, and then it is determined that a thermal load range
corresponding to the i future time period in which the user uses boiler steam is 0.91Y to
0.95Y.

[00117] Based on the foregoing example, when the steam is scheduled in the subsequent
process, if steam scheduling is performed for the target steam user in the i™" future time period
according to the second thermal load magnitude Y predicted by the prediction model, an
excessive difference between supply and demand may occur at the target steam user. On the
contrary, steam scheduling is performed for the target steam user in the i future time period
according to the thermal load range of 0.91Y to 0.95Y, it represents that the lowest thermal
load demand of the target steam user may be 0.91Y and the highest thermal load demand may
be 0.95Y. In this case, steam scheduling may be performed for the target steam user with the
lowest thermal load demand, the highest thermal load demand, or an intermediate thermal
load demand value of the target steam user in combination with an actual service scenario. It
is not difficult to see that the technical solution provided in the embodiment of the present
disclosure can overcome an excessive single-point error caused by directly predicting,
through a prediction model, a thermal load magnitude corresponding to a future time period in
which a user uses boiler steam, which can facilitate the more efficient scheduling of boiler
steam in the subsequent process.

[00118] Referring to FIG. 2, an embodiment of the present disclosure provides another
thermal load prediction method, which specifically includes the following steps.

[00119] Step 201. Configure multiple prediction states and error thresholds respectively
corresponding thereto, and form a prediction model according to historical thermal load
magnitudes respectively corresponding to multiple continuous historical time periods in
which a target user uses boiler steam.

[00120] Step 202. Call the prediction model to predict first thermal load magnitudes

respectively corresponding to multiple continuous testing time periods in which the target
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steam user uses boiler steam.

[00121] Step 203. Acquire actual thermal load magnitudes respectively corresponding to
the testing time periods in which the target steam user uses boiler steam.

[00122] Step 204. Calculate relative prediction errors respectively corresponding to the
testing time periods.

[00123] Step 204 may be specifically implemented in combination with the formula 1
provided in any embodiment of the present disclosure.

[00124] Step 205. Determine, according to the relative prediction errors respectively
corresponding to the testing time periods and the error thresholds respectively corresponding
to the prediction states, a trusted prediction state corresponding to each testing time period.
[00125] Step 206. Determine, according to trusted prediction states respectively
corresponding to each two adjacent testing time periods, the number of times of state
transitions respectively corresponding to prediction state transition types.

[00126] Step 207. Determine, according to the number of times of state transitions
corresponding to each state transition type, a state transition probability corresponding to each
state transition type.

[00127] Step 208. Form a state transition probability matrix by using the state transition
probability corresponding to each state transition type.

[00128] Step 209. Determine an initial probability matrix of the prediction states in a
current time period.

[00129] Step 210. Calculate a confidence probability matrix of the prediction states in
future time periods.

[00130] Step 210 may be specifically implemented in combination with the formula 2
provided in any embodiment of the present disclosure.

[00131] Step 211. For each future time period, extract, from the confidence probability
matrix corresponding to the future time period, confidence probabilities of the prediction
states in the future time period.

[00132] For ease of description, corresponding processing is performed only for one future
time period in subsequent steps to determine a thermal load range corresponding to the future

time period in which the target steam user uses boiler steam.
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[00133] Step 212. Determine a maximum confidence probability from the confidence
probabilities of the prediction states in the future time period, and determine a prediction state
corresponding to the maximum confidence probability as a target prediction state.

[00134] Step 213. Determine, according to an error threshold corresponding to the target
prediction state and a second thermal load magnitude corresponding to the future time period,
the thermal load range corresponding to the future time period in which the target steam user
uses boiler steam.

[00135] Here, the thermal load range corresponding to the future time period in which the
target steam user uses boiler steam can be determined specifically in combination with the
formula 3 provided in any of the foregoing embodiments.

[00136] Based on the same concept as the method embodiment of the present disclosure, as
shown in FIG. 3, an embodiment of the present disclosure further provides a thermal load
prediction apparatus, including:

[00137] a pre-processing module 301 configured to configure multiple prediction states
and error thresholds respectively corresponding thereto, and form a prediction model
corresponding to a target steam user;

[00138] a model calling module 302 configured to call the prediction model to predict first
thermal load magnitudes respectively corresponding to multiple testing time periods in which
the target steam user uses boiler steam; and call the prediction model to predict second
thermal load magnitudes respectively corresponding to the future time periods in which the
target steam user uses boiler steam;

[00139] an error processing module 303 configured to determine, according to the first
thermal load magnitudes respectively corresponding to the testing time periods, relative
prediction errors respectively corresponding to the testing time periods;

[00140] a state probability determination module 304 configured to form a state transition
probability matrix according to the relative prediction errors respectively corresponding to the
testing time periods and the error thresholds respectively corresponding to the prediction
states, and determine a state confidence probability of each prediction state in each future time
period according to the state transition probability matrix; and

[00141] a thermal load range prediction module 305 configured to, for each future time
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period, determine, according to the second thermal load magnitude corresponding to the
future time period, the state confidence probability of each prediction state in the future time
period, and the error thresholds respectively corresponding to the prediction states, a thermal
load range corresponding to the future time period in which the target steam user uses boiler
steam.

[00142] FIG. 4 is a schematic structural diagram of an electronic device according to an
embodiment of the present disclosure. At a hardware level, the electronic device includes a
processor and optionally further includes an internal bus, a network interface, and a memory.
The memory may include an internal memory, for example, a high-speed random-access
memory (RAM), and may further include a non-volatile memory, for example, at least one
disk memory. Certainly, the electronic device may further include hardware required by the
services.

[00143] The processor, the network interface, and the memory may be interconnected
through the internal bus. The internal bus may be an industry standard architecture (ISA) bus,
a peripheral component interconnect (PIC) bus, an extended industry standard architecture
(EISA) bus, or the like. The bus may be divided to an address bus, a data bus, a control bus,
and the like. For ease of representation, the bus is represented with only a two-way arrow in
FIG. 4, and this does not mean that there is only one bus or one type of buses.

[00144] The memory is used to programs/execution instructions. Specifically, the programs
may include program code, and the program code includes computer operation instructions.
The memory may include an internal memory and a non-volatile memory, and provide
instructions and data for the processor.

[00145] In one possible implementation manner, the processor reads, from the non-volatile
memory, a corresponding computer program to the internal memory and then runs the
computer program, or may acquire a corresponding computer program from other devices, to
form a thermal load prediction apparatus at a logic level. The processor executes the programs
stored in the memory to implement the thermal load prediction method provided in any
embodiment of the present disclosure through the executed program.

[00146] The method performed by the thermal load prediction apparatus provided in the

foregoing embodiment is applicable to a processor or implemented by a processor. The
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processor may be an integrated circuit chip with a signal processing capability. During the
implementation, steps of the above method may be completed by an integrated logic circuit of
hardware in the processor or by instructions in the form of software. The processor may be a
general-purpose processor, including a central processing unit (CPU), a network processor
(NP), and the like; and may further be a digital signal processor (DSP), an application specific
integrated circuit (ASIC), a field-programmable gate array (FPGA) or other programmable
logic devices, a discrete gate or transistor logic device, or a discrete hardware component the
methods, steps, and logical block diagrams disclosed in the embodiments of the present
disclosure can be implemented or performed. The general-purpose processor may be a
micro-processor or the processor may also be any conventional processor or the like.

[00147] The steps of the method disclosed in combination with the embodiments of the
present disclosure may be directly completed by a hardware decoding processor, or be
completed by a combination of hardware and software modules in a decoding processor. The
software module may be located in a mature storage medium in the art such as a RAM, a flash
memory, a ROM, a programmable ROM, an electrically erasable programmable memory, and
a register. The storage medium is located in the memory. The processor reads information in
the memory, and completes the steps of the method in combination with the hardware thereof.
[00148] An embodiment of the present disclosure further provides a computer-readable
memory medium storing one or more programs, the one or more programs including
instructions, and the instructions, when executed by an electronic device including multiple
applications, enabling the electronic device to perform the thermal load prediction method
provided in any embodiment of the present disclosure, and being specifically used to perform
the method shown in FIG. 1 and/or FIG. 2.

[00149] The system, apparatus, modules or units illustrated in the foregoing embodiments
specifically can be implemented by a computer chip or an entity, or implemented by a product
having a specific function. A typical implementation device is a computer. Specifically, the
computer can be, for example, a personal computer, a laptop computer, a cellular phone, a
camera phone, a smart phone, a personal digital assistant, a media player, a navigation device,
an email device, a game console, a tablet computer, a wearable device, or a combination of

any of these devices.
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[00150] For ease of description, the apparatus is divided into various units or modules
based on functions, and the units or modules are described separately. Definitely, in an
implementation of the present disclosure, functions of various units or modules can be
implemented in one or more pieces of software and/or hardware.

[00151] A person skilled in the art should understand that the embodiments of the present
disclosure can be provided as a method, a system, or a computer program product. Therefore,
the present disclosure may be implemented in the form of a complete hardware embodiment,
a complete software embodiment, or an embodiment combining software and hardware.
Moreover, the present disclosure can be in the form of a computer program product
implemented on one or more computer usable storage media (including, but not limited to, a
magnetic disk memory, a CD-ROM, an optical memory and the like) including computer
usable program codes.

[00152] The present disclosure is described with reference to flowcharts and/or block
diagrams of the method, the device (system), and the computer program product according to
the embodiments of the present disclosure. It should be understood that a computer program
instruction may be used to implement each process and/or block in the flowcharts and/or
block diagrams and combinations of processes and/or blocks in the flowcharts and/or block
diagrams. The computer program instructions may be provided to a general-purpose computer,
a special-purpose computer, an embedded processor or a processor of another programmable
data processing device to generate a machine, such that the computer or the processor of
another programmable data processing device executes an instruction to generate an apparatus
configured to implement functions designated in one or more processes in a flowchart and/or
one or more blocks in a block diagram.

[00153] The computer program instructions may also be stored in a computer-readable
memory that can guide the computer or another programmable data processing device to work
in a specific manner, such that the instruction stored in the computer-readable memory
generates an article of manufacture including an instruction apparatus, and the instruction
apparatus implements functions designated by one or more processes in a flowchart and/or
one or more blocks in a block diagram.

[00154] The computer program instructions may also be installed in the computer or

22



10

15

20

25

30

another programmable data processing device, such that a series of operation steps are
executed on the computer or another programmable device to generate a computer
implemented processing, and therefore, the instruction executed in the computer or another
programmable device provides steps for implementing functions designated in one or more
processes in a flowchart and/or one or more blocks in a block diagram.

[00155] In a typical configuration, a computing device includes one or more central
processing units (CPUs), an input/output interface, a network interface, and an internal
memory.

[00156] The internal memory may include computer-readable media such as a volatile
memory, a RAM, and/or a non-volatile internal memory, e.g., a ROM or a flash RAM. The
memory is an example of a computer-readable medium. The internal memory is an example
of the computer-readable medium.

[00157] The computer-readable medium includes non-volatile and volatile media as well as
removable and non-removable media, and can implement information storage by means of
any method or technology. The information can be a computer-readable instruction, a data
structure, and a module of a program or other data. An example of the storage medium of a
computer includes, but is not limited to, a phase change memory (PRAM), a static random
access memory (SRAM), a dynamic random access memory (DRAM), other types of RAMS,
a ROM, an electrically erasable programmable read-only memory (EEPROM), a flash
memory or other memory technologies, a compact disk read-only memory (CD-ROM), a
digital versatile disc (DVD) or other optical storages, a cassette tape, a magnetic
tape/magnetic disk storage or other magnetic storage devices, or any other non-transmission
media, and can be used to store information accessible to the computing device. According to
the definition in this text, the computer-readable medium does not include transitory media,
such as a modulated data signal and a carrier.

[00158] It should be further noted that the terms "include", "comprise”, or any other
variations thereof are intended to cover non-exclusive inclusion, so that a process, method,
commodity or device including a series of elements not only includes the elements clearly
listed, but also can includes other elements not clearly listed or elements inherent to the

process, method, commodity or device. In the absence of more restrictions, an element

23



10

15

20

25

30

defined by “including a/an ..." does not exclude that the process, method, commodity or
device including the element further has other identical elements.

[00159] A person skilled in the art should understand that the embodiments of the present
disclosure can be provided as a method, a system, or a computer program product. Therefore,
the present disclosure may be implemented in the form of a complete hardware embodiment,
a complete software embodiment, or an embodiment combining software and hardware.
Moreover, the present disclosure can be in the form of a computer program product
implemented on one or more computer usable storage media (including, but not limited to, a
magnetic disk memory, a CD-ROM, an optical memory and the like) including computer
usable program codes.

[00160] The present disclosure may be described in a common context of
computer-executable instructions executed by a computer, for example, a program module.
Generally, the program module includes a routine, a program, an object, an assembly, a data
structure, and the like for executing a specific task or implementing a specific abstract data
type. The present disclosure may also be practiced in distributed computing environments,
and in the distributed computing environments, a task is executed by using remote processing
devices connected through a communications network. In the distributed computing
environments, the program module may be located in local and remote computer storage
media including a storage device.

[00161] The embodiments of the present disclosure are all described in a progressive
manner, identical or similar parts in the embodiments may be obtained with reference to each
other, and each embodiment emphasizes a difference between it and other embodiments.
Especially, the system embodiment is basically similar to the method embodiment, so that it is
described simply. For related parts, refer to the descriptions of the parts in the method
embodiment.

[00162] The above description is merely embodiments of the present disclosure, and is not
intended to limit the present disclosure. For a person skilled in the art, the present disclosure
can have various alterations and changes. Any modification, equivalent replacement,
improvement and the like made without departing from the spirit and principle of the present

disclosure should be included in the scope of the claims of the present disclosure.

24



10

15

20

25

CLAIMS

What is claimed is:

1. A thermal load prediction method, comprising:

configuring multiple prediction states and error thresholds respectively corresponding
thereto, and forming a prediction model corresponding to a target steam user;

calling the prediction model to predict first thermal load magnitudes respectively
corresponding to multiple testing time periods in which the target steam user uses boiler
steam;

determining, according to the first thermal load magnitudes respectively corresponding
to the testing time periods, relative prediction errors respectively corresponding to the testing
time periods;

forming a state transition probability matrix according to the relative prediction errors
respectively corresponding to the testing time periods and the error thresholds respectively
corresponding to the prediction states, and determining a state confidence probability of each
prediction state in each future time period according to the state transition probability matrix;

calling the prediction model to predict second thermal load magnitudes respectively
corresponding to the future time periods in which the target steam user uses boiler steam; and

for each future time period, determining, according to the second thermal load magnitude
corresponding to the future time period, the state confidence probability of each prediction
state in the future time period, and the error thresholds respectively corresponding to the
prediction states, a thermal load range corresponding to the future time period in which the
target steam user uses boiler steam.

2. The method according to claim 1, wherein

the determining, according to the first thermal load magnitudes respectively
corresponding to the testing time periods, relative prediction errors respectively
corresponding to the testing time periods comprises:

acquiring actual thermal load magnitudes respectively corresponding to the testing time

periods in which the target steam user uses boiler steam; and
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calculating the relative prediction errors respectively corresponding to the testing time

periods through the following formula 1:

1, (1)
wherein % represents a relative prediction error corresponding to an i testing time

r

period, ‘. represents an actual thermal load magnitude corresponding to the i testing time

period, and /; represents a first thermal load magnitude corresponding to the i testing time

period.

3. The method according to claim 2, wherein

the forming a state transition probability matrix according to the relative prediction
errors respectively corresponding to the testing time periods and the error thresholds
respectively corresponding to the prediction states, and determining a state confidence
probability of each prediction state in each future time period according to the state transition
probability matrix comprises:

determining a trusted prediction state corresponding to each testing time period
according to the relative prediction errors respectively corresponding to the testing time
periods and the error thresholds respectively corresponding to the prediction states;

determining the number of times of state transitions respectively corresponding to
prediction state transition types according to trusted prediction states respectively
corresponding to each two adjacent testing time periods;

determining a state transition probability corresponding to each state transition type
according to the number of times of state transitions corresponding to each state transition
type;

forming the state transition probability matrix by using the state transition probability
corresponding to each state transition type;

determining an initial probability matrix of the prediction states in a current time period;
and

determining confidence probabilities of the prediction states in the future time periods

according to the initial probability matrix and the state transition probability matrix.
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4. The method according to claim 3, wherein

the determining confidence probabilities of the prediction states in the future time
periods according to the initial probability matrix and the state transition probability matrix
comprises:

calculating the confidence probabilities of the prediction states in the future time periods

through the following formula 2;

X(n)= Xx(0)* P" @

represents a confidence probability matrix of the prediction states in an

X(n)

nth future time period in which a cut-off time point of the current time period is taken as a

wherein

starting time point, X (O) represents an initial probability matrix corresponding to the
current time period, and P represents the state transition probability matrix; and

for each future time period, extracting the confidence probabilities of the prediction
states in the future time periods from a confidence probability matrix corresponding to the
future time period.

5. The method according to claim 1, wherein

the determining, according to the second thermal load magnitude corresponding to the
future time period, the state confidence probability of each prediction state in the future time
period, and the error thresholds respectively corresponding to the prediction states, a thermal
load range corresponding to the future time period in which the target steam user uses boiler
steam comprises:

determining a maximum confidence probability from the confidence probabilities of the
prediction states in the future time periods;

determining a prediction state corresponding to the maximum confidence probability as a
target prediction state; and

determining, according to an error threshold corresponding to the target prediction state
and the second thermal load magnitude corresponding to the future time period, the thermal
load range corresponding to the future time period in which the target steam user uses boiler
steam.

6. The method according to claim 5, wherein
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the determining, according to an error threshold corresponding to the target prediction
state and the second thermal load magnitude corresponding to the future time period, the
thermal load range corresponding to the future time period in which the target steam user uses
boiler steam comprises:

calculating an upper critical value and a lower critical value corresponding to the future

time period in which the target steam user uses boiler steam through the following formula 3:

y:Y/(1+e) 3)

wherein y represents the upper critical value or lower critical value corresponding to the
future time period, Y represents the second thermal load magnitude corresponding to the
future time period, and e represents an upper extremum or a lower extremum of the error
threshold corresponding to the target prediction state; and

determining, according to the upper critical value and the lower critical value, the
thermal load range corresponding to the future time period in which the target steam user uses
boiler steam.

7. The method according to any one of claims 1 to 6, wherein

the multiple prediction states specifically comprise: an extreme overestimate state, an
overestimate state, a normal state, an underestimate state, and an extreme underestimate state;
wherein

an error threshold corresponding to the extreme overestimate state is specifically more
than 10%;

an error threshold corresponding to the overestimate state is specifically more than 5%
and no more than 10%;

an error threshold corresponding to the normal state is specifically no less than -5% and
no more than 5%;

an error threshold corresponding to the underestimate state is specifically no less than
-10% and less than -5%; and

an error threshold corresponding to the extreme underestimate state is specifically less
than -10%.

8. A thermal load prediction apparatus, comprising:
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a pre-processing module configured to configure multiple prediction states and error
thresholds respectively corresponding thereto, and form a prediction model corresponding to a
target steam user;

a model calling module configured to call the prediction model to predict first thermal
load magnitudes respectively corresponding to multiple testing time periods in which the
target steam user uses boiler steam; and call the prediction model to predict second thermal
load magnitudes respectively corresponding to the future time periods in which the target
steam user uses boiler steam;

an error processing module configured to determine, according to the first thermal load
magnitudes respectively corresponding to the testing time periods, relative prediction errors
respectively corresponding to the testing time periods;

a state probability determination module configured to form a state transition probability
matrix according to the relative prediction errors respectively corresponding to the testing
time periods and the error thresholds respectively corresponding to the prediction states, and
determine a state confidence probability of each prediction state in each future time period
according to the state transition probability matrix; and

a thermal load range prediction module configured to, for each future time period,
determine, according to the second thermal load magnitude corresponding to the future time
period, the state confidence probability of each prediction state in the future time period, and
the error thresholds respectively corresponding to the prediction states, a thermal load range
corresponding to the future time period in which the target steam user uses boiler steam.

9. A readable medium, comprising execution instructions, when a processor of an
electronic device executes the execution instructions, the electronic device performing the
method according to any one of claims 1 to 7.

10. An electronic device, comprising: a processor, a memory, and a bus; the memory
being configured to store execution instructions, the processor and the memory being
connected through the bus, and when the electronic device runs, the processor executing the
execution instructions stored in the memory to cause the processor the perform the method

according to any one of claims 1 to 7.
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