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In order to improve the management effect of power marketing audit work, this paper combines big data technology to carry out
related data processing, changes the management mode of traditional power marketing audit work, analyzes the overall process
and characteristics of the current power marketing audit case selection, and designs an audit system. Moreover, this paper builds a
data warehouse based on data mining technology and realizes the process of automatic generation of the index system. In addition,
this paper chooses the Tobit model proposed by Tobin, which is a restricted dependent variable model and can be better applied to
the relevant analysis of power marketing audit indicators. Finally, this paper evaluates the effects of the method and system
designed in this paper through simulation experiments. The experimental research results show that the power marketing audit
management system based on big data technology can play an important role in power audits.

1. Introduction

The so-called power marketing audit mainly refers to the use
of effective means and methods to carry out feasible and
controllable quality audit and supervision of the marketing
process of power enterprises. At present, the marketing audit
of the electric power industry has become the most critical
part of the marketing process of China’s power supply
enterprises, and it is also an effective measure to control risks
in the professional operation of electric power marketing. In
fact, the power marketing audit management work can be
regarded as a key point in the entire power marketing
process, and it is extremely important in the power mar-
keting management work. The specific work it carries out
will often directly affect the basic image and fundamental
interests of power companies and, at the same time, will have
a more important impact on the interests of electricity
customers in the electricity market. There are many links in
the processing of various electric power business operations,
and problems in any one link may cause huge losses to the
electric power company [1]. Therefore, the essence of power

marketing audit management is a supervision process of
management, cooperation, and operation of various links.
This is a means implemented in order to maximize the
protection of the power companies’ own interests and the
fundamental interests of electricity customers. This method
can avoid the errors that may occur or exist in the various
business of power marketing and prevent the occurrence of
losses [2].

Many foreign countries have established energy regu-
latory agencies specifically responsible for economic regu-
lation of energy (electricity). These regulatory agencies are
responsible for the investigation and handling of violations
of laws and regulations, dispute resolution, and handling of
complaints and reports [3]. After long-term practical ex-
ploration, foreign regulatory agencies have gradually formed
some mature practices and characteristics in the legal sys-
tem, organizational system, and working procedures of the
marketing audit business. It not only ensures the smooth
development of the audit work, but also puts forward
opinions on the rules and systems of the electricity market
and promotes the reform of the national electricity market,
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which is worthy of our reference. In the development of
marketing audit informatization, the power informatization
level of the United States, Japan, and Germany is the best. As
early as 2003, the US Department of Energy held a high-level
seminar on the future of the US power system and formed
the long-term goal of the Grid2030 plan. At present, almost
100% of US electric power companies have basically realized
system integration work and realized the use of information
technology to conduct auxiliary analysis and audit moni-
toring of electric power marketing work [4]. The main
purpose of power audits in the UK power market, which has
achieved the separation of transmission and distribution, is
to monitor and evaluate the operational efficiency of the
power grid and improve the quality of power supply. For
example, the detection of market power demand includes
the prediction of the power demand of the whole society on
the user side and the expected load growth of the power grid.
Among them, the demand forecast on the user side includes
power load and power, customer satisfaction, and power
supply reliability. In further detail, it also includes power
demand forecasts within the jurisdiction of different power
companies.

The so-called power marketing audit mainly refers to the
use of effective means and methods to carry out feasible and
controllable quality audit and supervision of the marketing
process of power enterprises. At present, the marketing audit
of the electric power industry has become the most critical
part of the marketing process of China’s power supply
enterprises, and it is also an effective measure to control risks
in the professional operation of electric power marketing.

This article combines big data technology to construct a
power audit work management system, which improves the
efficiency of power audit while further improving work
efficiency, and provides a theoretical reference for the fur-
ther development of subsequent power audit work.

2. Related Work

The United Kingdom is the first country in the world to carry
out electricity market reforms. The Office of Gas and
Electricity Markets in the United Kingdom is an organi-
zation independent of the government, and the electricity
regulatory agency supervises both electricity and natural gas
markets in the United Kingdom [5]. The Competition Policy
and Law Enforcement Department is set up under this
regulatory agency. Its main task is to be responsible for the
audit business of the electricity market and maintain the
stable operation of the electricity market. Australia’s elec-
tricity marketization is also relatively high. The main re-
sponsibility of the Australian Energy Regulatory Agency
(AER) is to manage the national electricity market, for-
mulate relevant laws and regulations, and promote the re-
form of the national electricity market. Moreover, AER also
includes audit departments, which mainly carry out audit
work within the scope of the power market in various re-
gions of the country [6]. The United States has a high degree
of electricity marketization. As a federal country, state-level
government departments enjoy a high and independent
status [7]. Therefore, the United States has formed a federal
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and state regulatory system in the electricity market. The
Federal Energy Regulatory Commission (FERC) is re-
sponsible for state-level power economic regulation, and the
State Public Utilities Regulatory Commission (PUC) is re-
sponsible for state power regulation. FERC and PUC include
the departments that deal with complaints and reports, the
departments that mediate disputes, and the departments
responsible for administrative penalties [8].

Among the institutions set up within FERC, the three
offices, the Law Enforcement Office, the Administrative
Litigation Office, and the Administrative Judge’s Office,
are directly in charge of the inspection work. Based on
years of auditing practices, the Law Enforcement Office,
Administrative Litigation Office, and Administrative
Judge’s Office coordinated and cooperated with each
other to form a complete audit system and process
system. The three offices perform their duties, comple-
ment each other, and supervise each other [9]. For ex-
ample, the Audit Department of the Law Enforcement
Office regulates and manages the operation and man-
agement of relevant electric power companies according
to a certain time frame. The inspection department
performs investigation duties and is responsible for
handling violations reported by the audit department or
other institutions that have been ruled by the committee;
if the punished person disagrees with the law enforce-
ment, the office’s investigation conclusion can exercise
the right to appeal. The Administrative Litigation Office
accepts its appeal or adopts other effective methods to
resolve incidents and disputes to ensure the speed and
fairness of the litigation process and ensure that the case
resolution complies with FERC regulations [10]. In order
to protect the legitimate rights and interests of clients,
the Office of the Administrative Judge needs to conduct
detailed investigations and fair punishments of violators
or adopt mediation to solve problems. Through the ac-
cumulation of long-term practical experience, the US
Energy Regulatory Agency has gradually formed a sound
system in terms of handling appeals and reporting, co-
ordinating disputes and punishing non-compliance with
laws and regulations, and investigating the inspection
work [11].

It can be seen from the investigation of relevant
literature that there is relatively little research in this field
at home and abroad regarding the risk of the marketing
business of the power supply company. The more mature
research is the power market risk in the process of or
after the reform of the western power market. And most
of them are related to the financial aspect. Among them,
the representative research results are presented in the
following. Literature [12] studied the risk management in
the competitive power market environment and estab-
lished the VAR model and its improved CVAR model;
literature [13] showed that the utility function and the
VAR model are mainly used for the risks that users
generate when purchasing electric energy. Literature [14]
studies the impact of relevant laws, regulations, and
policies on the benefits and risks of power companies in
the government’s deregulated electricity —market;
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literature [15] studied the risk assessment of load fore-
casting errors, combined the differential autoregressive
moving average model with the artificial neural network
model, predicted the load curve, and then calculated the
variance of the load change value.

3. Power Marketing Audit Management
Algorithm Based on Big Data Technology

The so-called data mining is to extract effective and available
resources and knowledge from the ocean of large amounts of
information. There is a large amount of basic data in gov-
ernment and enterprises, and this information is often messy
and unrelated, and valuable information may be hidden in it.
The conventional analysis tools of this information cannot
be expressed. Only through data mining can the hidden
information and knowledge be extracted, and the knowledge
can be used to guide the work planning and research di-
rection of the government and enterprises. The core step of
data mining is the process of knowledge discovery in da-
tabase (KDD), that is, the step of obtaining the required
knowledge module by a specific algorithm in KDD; and the
result of its operation directly affects the reliability of the
discovered knowledge.

At present, knowledge mining is mainly divided into
three stages, and the process is shown in Figure 1 [16].

What data mining needs is to use different methods to
take relevant tests for different data to complete different
tasks. At present, the more common data mining methods
include genetic algorithms, artificial neural networks, and
other methods. Although each method has its pros and cons,
there is still no general data mining method. More often,
different methods are combined and connected in a certain
way to make a data mining model, so as to solve some
specific problems in a targeted manner [17].

Through the existing different known data, the pre-
diction model can predict the future. Although it cannot
provide a very detailed prediction for the entire model, it
at least provides a raw data, such as the annual turnover of
a restaurant and so on. In this way, these relatively
primitive data can provide a more valuable and mean-
ingful reference value for future power marketing and
other related fields.

The descriptive model is to classify and summarize the
relationships and related rules of some related categories in
the data. Moreover, compared to the predictive model, the
descriptive model is a more advanced model with more
variables. The main classification of the two models is well
reflected in the figure below, and the difference between the
two is also very well represented in Figure 2 [18].

At present, data mining mainly has the following
common analysis and prediction methods:

(1) Linear regression analysis method: for tax-related
problems with linear characteristics, linear regres-
sion forecasting is the main analysis method. Based
on the influence factors of the variable in time, it is
divided into two methods: unary linear regression
analysis and multiple linear regression.

(2) Nonlinear regression prediction method: exponen-

tial curve predictive analysis method and quadratic
curve predictive analysis method are commonly used
methods to deal with nonlinear power marketing
problems. For the electricity marketing problem that
continues to grow at a steady rate, the corresponding
exponential curve model forecasting model can be
established through the exponential curve forecast-
ing method to estimate. If there is a quadratic
function relationship between power marketing and
a certain macroeconomic variable of the country, the
quadratic curve model can better explain it.

(3) Association analysis: association mining algorithms

can effectively identify the inherent association re-
lationships between different fields in the data. The
more classic algorithm is the Apriori algorithm. At
present, the association mining algorithm is mainly
used to mine the interrelationships of commodities
involved in the massive business operations of en-
terprises and, on this basis, to measure the con-
sumption behavior of potential customers.

(4) Neural network prediction method: for explained

variables with many influencing factors, neural
network prediction method is the most suitable
predictive analysis method. In addition, compared
with other analysis methods, the neural network
prediction method effectively avoids the process of
defining whether the model is linear in the modeling
stage and greatly simplifies the construction and
operation of the model.

(5) Classification analysis: the classification method is a

kind of guided learning, the category must be clear,
and there must be a certain amount of data that has
been obtained the classification results to create a
classification model (the most commonly used are
decision trees, neural networks, etc.), and then it can
be used. This classification model classifies new data
and is often used to classify customer groups and
adopt different marketing methods for customers
belonging to different categories.

(6) Cluster analysis: the core idea of cluster analysis is

data classification; that is, target data is classified
according to different similarities, similar data have
similar designated characteristics, and different types
of data are different from each other. Cluster analysis
is similar to association analysis and has the char-
acteristic of exploring the correlation of data attri-
butes. Among them, the dissimilarity of clusters is
calculated based on the attribute value of the de-
scription object, and the distance is a frequently used
measurement method.

(7) Sequence mode analysis: as the name implies, the

sequence mode is used to predict a sequence of actions
in a chronological order. For example, in a shopping
transaction database, it may be found that the user will
purchasea printer fora period of time after purchasing
a computer. This is a rule. For another example,
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through web log analysis, we can find that website
viewers usually have a special page flow when
browsing pages. Finding such a rule will help the
website further provide more user-friendly services.

The various forecasting methods and methods listed
above can be classified into two main categories: one is
explanatory forecasting methods, which means that some
special values are found from different variables or influ-
encing factors. Some specific things establish a very complete
linear regression model; the other is a time series analysis
method; this method is mainly a systematic and purposeful
and targeted research, analysis, and induction of various past
data so as to find out the rules and provide relevant sug-
gestions for future decision-making [18].

Data mining technology has broad prospects in the field
of electric power marketing audit due to its intuitive,
concise, and eflicient characteristics. Some experts and
scholars at home and abroad have put forward many
viewpoints in this regard. The main direction of their re-
search is to mine unknown information through different

data mining algorithms from the built data warehouse and
apply it to the intelligent selection of audits. After that, by
mining the basic information of electric power marketers
and analyzing electric power marketing behaviors, the
source of the cases that may have problems is screened.

Tobit model: its main form is as follows: it sets a certain
electricity expenditure as the explained variable y; and the
corresponding explanatory variable as X;. Then, we can
know that there are only two results for the electricity
expenditure level y;: one is greater than y,, which repre-
sents the minimum expenditure level of the electricity,
and the other is directly zero. Therefore, under the
research assumption that the model is linear, the rela-
tionship between power expenditure y; and explanatory
variable X is [19]

[STXi +e; ifﬁTXi +e;> Y,
Yi= >

0, other (1)
e;~N(0,0%),i=1,2,...,n.
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Among them, Xi is the (k+1)-dimensional explanatory
variable vector, and f is the (k+1)-dimensional unknown
parameter vector. This model is called a censored regression
model. We deform the above model and subtract y, from
both sides of the equation under the premise that y, is
known. In the resulting model, the constant term is equal to
the original constant minus y,. The form of this model is
called the Tobit model [20].

ﬂTXi +e;, if ﬁTXi +e> ¥,
y4 = N
l 0, other (2)
e, ~N(0,0°),i=1,2,..,n.
The Tobit model can also be expressed as

y; = max{ﬁTXi +e; },

(3)
fdghik.
or
Yi= ﬁTXi té
v, if ¥;>0, (4)
":10, if y,<0.

For the Tobit model, the explanatory variable Xi is
observable (that is, Xi takes the actual observation value),
and the explained variable y; cannot be directly obtained,
but is observed in a restricted way. When y; >0,
y; =y >0, y; at this time is the “unrestricted” obser-
vation value. When y; <0, y; =0, at this time y; is the
“restricted” observation value. Obviously, “restricted”
observations are all truncated to 0, and “unrestricted”
observations are taken as actual observations.

For the analysis of the Tobit model, the core idea is to
measure the estimated values of $ and ¢? based on n (n> k)
observations of y; and X;. When using the model, we assume
that when y; = 0, the observed value is n;, and when y, >0,
the observed value is n;; then the total amount is n = n;, + n,.

If the observation value #, at y; = 0 is ignored, then the
remaining #; observation values are complete observation
values (yi>0), and 8 can be estimated by the least square
method in the calculation. However, the least squares estimate
in this range is biased and inconsistent. Then, the conditional
expectation of the observation value y; at y; >0 is [21]

fi

E(ely;>0) = E(ele;> - f'X;) = 02 (5)
Therefore,
Yi:ﬁTXieri:/jTXi‘*J'%JF”i- (6)

1

Among them, f; and F; are, respectively, the probability
density function and the distribution function of the stan-
dard normal distribution under the condition (B'X,/c).
Since the least squares estimator does not calculate the item
o f;/F; that is not independent of Xi, the least squares es-
timator is biased and inconsistent. Since e; ~ N (0, 0?),

E(ei|yi>0)=a-%>0. (7)

1

That is, the least squares estimator of 3 is biased.

If n=n0+nl observations are taken into consideration,
the unconditional expectation of yi is E(y;) =
Fi- (f'X) +o- f;

Therefore, even if the least squares method is applied to
all n observations, the unbiased and consistent estimators of
the Tobit model are difficult to obtain. In summary, the
maximum likelihood estimators of f and ¢? are consistent
estimators, and the maximum likelihood estimation method
is the preferred method for calculating the estimator of the
Tobit model.

The core of this research design is to extract appropriate
data from the huge power marketing audit management
system to establish indicators. This involves the storage and
extraction of power marketing data and the process of data
mining. At this stage, the establishment of a special audit
data warehouse is the development trend of electric power
marketing. This chapter will discuss the related concepts of
the data warehouse, design the construction process of the
data warehouse, and give the Tobit regression analysis steps
based on the discriminant method.

Because of the continuous extension and broadening of
its concept, the data warehouse itself has continued to de-
velop and expand. As far as we can conclude, the entire data
warehouse has the following characteristics:

(1) Subject-orientation: an abstract theme is mainly used
to show how different customers are concerned
about the analysis of different data. Each topic is a
field of data analysis, and the topics are independent
of each other.

(2) Integration: the data in the data warehouse is formed
by extracting, processing, and analyzing data from
different data sources. In this process, the data in
each data source should be consistent in order to
achieve effective extraction, processing, and analysis
from each other.

(3) Relative stability: it refers to the phenomenon that
once the data in the data warehouse is loaded or
used, it will be stored for a long time and the data will
rarely be modified such as changes and deletions.

(4) Reflecting history: the data in the warehouse obvi-
ously represents a certain period of time in the past.
It stores a certain period of historical data. The choice
of time point is mainly to meet the needs of decision
support analysis.

(5) Dynamic data: the data in the warehouse is not
completely static. In order to meet the needs of
decision-making, the latest data must be frequently
loaded into the data warehouse, and from the per-
spective of operational efficiency, the data beyond
the scope of statistical analysis must be archived to
tape, or it is also nonstatic to make some appropriate
corrections to the data in the warehouse, such as on
the CD-ROM.
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According to the above, we can find that the data
warehouse is actually a kind of dynamic, can reflect a certain
reality very quickly, and can provide relevant decision
makers or leaders with very effective data and information in
a short time., So as to help them realize an important tool for
decision-making. In addition, the data warehouse is
therefore regarded by many people as a system and structure
and can provide systematic research and analysis.

Data mining technology is based on massive amounts of
raw data. In the same way, the use of data mining technology
in the power marketing system must rely on a powerful
power marketing information platform. The emergence of
data warehouses effectively solves this difficulty and provides
a strong guarantee for power marketing agencies to im-
plement data mining.

The construction of the data warehouse is based on a
large amount of existing business data, as shown in Figure 3.
Moreover, the construction of a good data warehouse often
requires a lot of manpower and money, and the relevant
personnel need to have very good qualities and related
technologies, and they must be very careful in the data entry
process. Therefore, it is very difficult to build a data
warehouse.

The data source is the basic element of the data ware-
house. The key to a data warehouse is to store and manage
data, conduct targeted information extraction, cleaning, and
integration for different business systems, and organize
them according to themes. According to the coverage of
data, data warehouses can be divided into enterprise-level
data warehouses and department-level data warehouses.

Data storage and management are the core of the entire
data warehouse system. The main components are ROLAP,
MOLAP, and HOLAP. The basic data and aggregated data of

ROLAP are stored in RDBMS. The basic data and aggregated
data of MOLAP are stored in a multidimensional database.
The basic data of HOLAP is stored in RDBMS, and the
aggregated data is stored in a multidimensional database.

The OLAP server can effectively integrate the required
data and combine them in a certain structure for extraction,
processing, and analysis and to find out effective
information.

The front-end tools mainly include three stages: various
reporting tools, query tools, data warehouse planning, and
analysis phase; data warehouse design and implementation
phase; and data warehouse use and maintenance. These three
stages are a continuous cycle and an improvement process.
Under normal circumstances, the data warehouse system
cannot be completed in one cycle, but after many cycles of
development, each cycle will add new functions to the
system, so that the application of the data warehouse will be
improved.

The development of everything has its own unique and
complete life cycle, and so does the data warehouse. Gen-
erally speaking, the development and application cycle of a
data warehouse can be divided into the stages shown in
Figure 4.

In view of the cyclical principle of its operation and
development, when we apply it to the development of the
power marketing system platform, we compare its analysis,
implementation, and maintenance in the three stages shown
in Figure 5.

After establishing the power marketing audit selection
data warehouse and the corresponding data mining algo-
rithm, the key step of the research is to filter the appropriate
indicator system from the excavated audit information,
thereby establishing a Tobit regression model to evaluate the
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power marketing situation and determine the scope of the
case selection, as shown in Figure 6. Since the selection
methods and principles of the index system have been
systematically explained above, the corresponding power
marketing analysis model can be simulated in combination
with the research data under this research idea.

4. System Construction

The power marketing audit and monitoring system is
designed to be centrally deployed at the provincial level, but
is independent of the marketing business system; that is, the
application release of the two systems does not affect each
other. The systems realize application access through the
integrated integration platform according to standard

interfaces and business services encapsulated by models, call
functions to obtain information from each other, and return
results in real time. The designed application integration
deployment logic diagram is shown in Figure 7.

In order to realize the seamless connection of process
authority between the marketing business application sys-
tem and the marketing audit monitoring system, this paper
integrates the organizational authority, work flow of the
audit monitoring system, and the marketing business ap-
plication system to achieve the integration of the organi-
zational authority of the two. At the same time, the data
interaction between the production management system and
other peripheral systems and the marketing audit moni-
toring system can also be implemented through the inte-
grated platform. The process integration diagram is shown
in Figure 8.
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There are roughly two ideas for the design of the
marketing audit monitoring platform. The first is to design
the monitoring platform as an independent system that can
maintain normal communication with related business
systems. The second is to deploy the monitoring platform in

the existing power marketing system. The two systems share
the infrastructure such as the computer room, information
security, and backup equipment. The second idea is used in
the design of this paper. The physical architecture of the
specific monitoring platform is shown in Figure 9.
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On the basis of the above research, this paper verifies the
power audit data mining effect of the algorithm model
proposed in this paper and builds a database based on
historical data. Moreover, this paper uses the system pro-
posed in this paper to perform data mining simulation, and
the results are shown in Figure 10.

From the perspective of data mining simulation, the
power marketing audit management system proposed in this
paper can play an important role in power marketing audit
data analysis. On this basis, this paper explores the effect of
power marketing audit management system on the man-
agement effect of power marketing audit work, and the
results obtained through simulation are shown in Figure 11.

From the above research, it can be seen that the power
marketing audit management system based on big data
technology can play an important role in power audits.

5. Conclusion

Power marketing audit management can be regarded as a
key point in the entire power marketing process, and it is
extremely important in power marketing management. The
specific work it carries out will often directly affect the basic
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image and fundamental interests of power companies and, at
the same time, will have a more important impact on the
interests of electricity customers in the electricity market.
Since there are many links in the processing of various
electric power business operations, problems in any one link
may cause huge losses to the electric power company.
Therefore, the essence of power marketing audit manage-
ment is a supervision process of management, cooperation,
and operation of various links. This is a means implemented
in order to maximize the protection of the power companies’
own interests and the fundamental interests of electricity
customers. In addition, this method is used to avoid errors
that may occur or exist in the progress of various power
marketing businesses and to prevent losses. This article
combines big data technology to construct a power audit
work management system, which improves the efficiency of
power audit while further improving work efficiency, and
provides a theoretical reference for the further development
of subsequent power audit work.
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