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Abstract

As the latest product of the innovative integration of information technology, big data has had a huge impact on many
fields. Big data technology has changed the traditional audit method, expanded the scope and field of auditing, and
injected vitality into the national big data audit work. Full audit coverage has given social auditing a new mission and
posed new challenges to creating mega data audit platforms. Driven by the overall goal of full audit coverage, the
construction and innovation of a big data audit platform are particularly important. This subject combines data-related
technologies and uses more mature data mining algorithms to try to establish an audit platform, and analyzes the three
aspects of requirements, concepts and strategies for building an audit platform, dividing it into five modules: data center,
acquisition, pre-processing, analysis and data visualization. The research results show that by predicting the revenue
indicators of Company A, the overall error of the prediction results of the big data audit platform is controlled at 0.79%,
which is better than 8.42% of the traditional audit model; by scoring the two audit models, the score of the big data audit
method is 0.7024 higher than that of the traditional model, which is 0.3933, indicating that its accuracy, efficiency
comprehensiveness, sustainability, and low risk are In this way, this paper explores a new effective audit path and method,
which provides a good basis for the enterprise’s "industry price, quality and trust payment™ and guides the way forward
for future mega Data audits.
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1 Introduction

Since 2008 with the influence of the Internet and other media, the volume of data has increased
significantly, the concept of big data was born, and related technologies are gradually applied to the
reality of work [1-2]. To better comply with the trend of economic globalization, most changes in the
application of analytical procedures are interspersed with the corresponding risk operations during
the audit [3]. In the new era of auditing, the effectiveness of analytical procedures cannot be
underestimated. It covers the review of financial statements, the assessment of estimated risks and
the testing of risks. Its application in these periods allows to deepen the understanding of the reality
of the audited organization, to find problems and to identify risks. However, with the widespread use
of these procedures, some of their weaknesses and drawbacks have come to the fore, such as the
possibility of hiding problems and lack of objectivity [4-5]. The emergence of the big data
environment has created a better basis for improving such procedures.

The literature [6] argues that applying techniques will strengthen the predictive power of data analysis.
The literature [7] investigates the advantages and barriers of incorporating mega data technologies
into financial statement audits and identifies specific aspects of big data that may benefit auditors.
The literature [8] analyzes the influence of mega data and cloud technologies on full audit oversight
coverage and points out that big data and cloud technologies bring opportunities and challenges to
full audit oversight coverage under audit planning and execution phases. The mega data audit
platform can effectively improve the national governance capacity and comply with the progress
requirements of a mega data audits. The big data audit platform can usually be refined into four
subplatforms: acquisition, pre-processing, analysis, and visualization. When collecting data, an audit
sampling model can be constructed based on the isolated point analysis method [9-11]. The literature
[12] uses the DBSCAN clustering algorithm to cluster the audit sampling association rules and
establish the association rules between audit samples and targets. Auditing is problematic regarding
data consistency, integrity, identification, aggregation and confidentiality [13-14]. The literature [15]
argues that the features of mega data are a very good fit for auditing and will be a strong alternative
to traditional auditing models. However, by analyzing the application of big data technologies in
auditing, the literature [16] found that they are not as commonly used as in other related fields, and
the auditing field lags behind other research areas in using valuable big data technologies. Therefore,
everyone should pay close attention to using big data technologies in the audit field. The mega data
audit platform can effectively improve national governance and comply with the progress
requirements of mega data auditing. Big data audit platforms can usually be refined into four
subplatforms: acquisition, pre-processing, analysis, and visualization [17-18]. In the literature [19],
theories and methods related to the network analysis of big data for auditing are described, and a
framework for the construction of a network analysis platform for big data for auditing is proposed,
outlining the network analysis method system of "point, line, surface and block". The literature [20-
22] utilizes remote data auditing solutions to verify the integrity of stored data and mines the audit
trail features according to mega data visualization technology. To this end, this paper analyzes the
construction concept and path of a mega data audit platform in the context of the requirement of full
audit coverage and the idea of building a mega data platform.

Firstly, in the process of designing and realizing the digital audit analysis platform, we mainly
participated in the initial construction of the platform and proposed some functional design
requirements; secondly, we introduced the design principles of the mega data audit analysis platform,
B/S structure of web application, service-oriented SOA distributed application framework and J2EE
standard, as well as related Oracle database and data mining technology from the technical level;
finally, we introduce the application example of using the platform to collect and transform data,
correlate and analyze around the audit focus, and focus on analyzing and discovering suspicious and
decentralized verification from different perspectives. Finally, the use of mega data audit analysis
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platform A company as an application case, the implementation of departmental revenue indicators
audit as an example, the introduction of the use of the platform to collect conversion data, around the
audit focus on correlation analysis, centralized analysis to find suspicious decentralized verification
application examples, and from different perspectives to show the platform in the innovative audit
mode, enhance the audit effectiveness of the fundamental role played by the platform, and then
through the analysis of big data perspective of enterprise audit work in Then, by analyzing the
problems in the concept, platform, personnel, and other aspects of enterprise audit work under the
perspective of big data, we put forward optimization suggestions to strengthen the audit concept,
improve the platform construction, and enhance the quality of personnel, in order to help the
enterprise audit work adapt to the current mega data background, and then improve the quality of
audit work in all aspects.

2 Big data audit algorithm modeling

2.1 Data analysis algorithm

Data analysis algorithms and data analysis tools are indispensable for analyzing and processing huge
volume and many types of data. According to the different forms of data generated by different
application scenarios and different forms of processing, the data analysis techniques and presentation
methods to be applied are also different. When processing the data, it is important to understand the
relevant types before choosing the relevant technical solutions to carry out the solution. Because of
the wide variety of audit data itself and a large number of repetitions, two problems are proposed for
the data characteristics, one is the prediction of financial audit indicators on the time series, and the
other is how to use the algorithm to provide decisions on financial indicators and other issues, for
which the convolutional neural network time series CNN-LSTM prediction model algorithm is
selected to solve.

The control process of the LSTM (Long Short Term Memory) Network is according to the circular
memory network with two additional states, the hidden state and the cellular state. The core function
of the LTSM is that the cellular state of the information transmission pathway enables information to
be transmitted continuously during sequence processing by using a ""gate" structure to add and remove
information, a sigmoid network layer and a multiplication for training. The "gate structure” learns
which information is saved and which is forgotten. Sigmoid is equation (1):

f(0)=—=0(x)
€ 1)

Sigmoid works by making each number in the cell state have a value between 0 and 1 by operation.
If the gate output is O, the product of it and all vectors is 0 vector, and when multiplied by 1, it will
give a 1 vector, with 0 representing "completely discarded™ and 1 representing "completely retained™,
as shown in Figure 1.
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Figure 1. Schematic diagram of the door frame of Sigmoid structure

The main framework of the LSTM can be seen from Figure 1. The LSTM consists of three gate
structures: input and output gates, and forgetting gates, respectively. The forgetting gate function
determines the information we discard or retain based on the cell state, read h_, and x, whose

operation is, the equation as in (2):

t
f

f :G(Wf +(h_l,>q)]
b @)

W, , b, represent the weight matrix and the bias term of the forgetting gate, a vector that connects

two vectors [h -1, xt] and x, to a longer one. o represents the sigmoid function. The input gate is

the decision maker for the amount of network input currently saved to the cell state, and it has two
steps to calculate respectively:

: za[Wi +(ht_1,><t)]

b.

(3)

(o

C, =coth (W—C * (;“l’ i )j
(4)

These two equations indicate that the sigmoid layer determines which information needs to be
reacquired and then the coth layer establishes a new vector C, . This information determines the new

cell state update information, expressed as follow:
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Ct—l Ct (5)

In the cell state, update C;_ to C;, multiply the last cell state C;_;, the current cell state C; by the
forgetting gate f; and the input gate i, respectively, adding the two steps together, through the
forgetting gate and the input gate steps have been determined how the degree of change in the cell
state is updated, discarding unwanted information. The output gate determines the final value to be
output, filtered by the cell state, the output gate is, equation (6), (7):

)

b

0

(6)

h, =0, /coth(C,) @)

Run the activation layer to determine the output part of the cell state, process it with tanh and then
multiply it with the sigmoid gate output O: to determine the last part to be output.

2.2 Quantification of financial indicators

The main cost analysis method of auditing financial indicators is to transform the problem of multiple
indicators into a few integrated indicators through the idea of dimensionality reduction, which is
characterized by the fact that the main information of the original variables is presented in the form
of each main component and each information has non-overlapping characteristics. The advantage of
the big data analysis method is that it can transform complex and difficult indicators into simple and
easy-to-understand principal components, and the problems to be analyzed are more intuitive.

Let there be n sample with m indicators each and X is an primitive matrix. Equation (8):

Xll le
X=| : :
xnl Xnm (8)
where X is, Equation (9):
.
X1:(X111X21v""xn1) 9)

The m vectors x,X,,...,X, of X are linearly combined (i.e., the composite indicator vector) as,
Equation (10):

Vi=a,X +a,X, +...+a,X, (10)

2 2 2
Based on the equation requires: Gty t.H ey _1.
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2.3 Audit algorithms according to data mining techniques

The core of big data auditing is to use data mining techniques to generate a data warehouses. By
incorporating expertise in the auditors' work experience and scientifically selecting algorithms based
on the objectives and subjects of the audit, various types of modules can be designed to accomplish
data mining. Different algorithms enable the formation of regular information embedded in similar
data and different categories. This information helps auditors to achieve better performance in their
auditing work. Its audit process is shown in Figure 2.

Audited Data
|

Feature Extraction Feature Extraction Feature Extraction Feature Extraction
| T | | T |
Does not meet the audit items Consistent with the audit project
|
\ 4 ¢ ¢
Rule Discovery » Base value Audited Data

Audit Doubts

Figure 2. Audit data analysis process

Audit data analysis is divided into two steps. The first step is to find the objective laws hidden among
the data, and based on this, a series of processing is carried out to obtain an effective data analysis
model. This leads to audit and management judgments and decisions. The second step is to analyze
the historical data in the data warehouse and predict future changes in the data to support the
enterprise in making decisions and carrying out business work. There are two kinds of algorithms
that are applied most frequently in data mining technology: one is the association rule algorithm, and
the other is the time series algorithm.

2.3.1 Analysis of audit data based on association rules

The analysis of association rules consists of two aspects, on the one hand, the set of frequent items
and on the other hand, the determination of association rules. The association rules are applied to the
internal audit of company A, which can largely improve the quality of the audit, such as identifying
abnormal account items and clarifying audit suspicions based on the correlation of accounting
accounts or analyzing whether the economic activities of the enterprise comply with laws and
regulations according to the incoming, and deployment documents, etc. As one of the most applied
methods of association rule algorithm, Apriori algorithm uses support and confidence to find frequent
sets and mine association rules.

1) The probability of simultaneous occurrence of statistical item set {x,y}, x and Y denote
different data classes, Equation (11):
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o(xuy)

support(x > y) =
N (11)

2) Seta minimum queue value of minsup to screen out rules with lower frequencies, Equation
(12):

sup port(x > y) > minsup (12)

3) Calculate the probability of occurrence of y in the association rule when x is a precondition,
Equation (13):

o(xuy)

confidence(x > y) =
4) Set the minimum queue value of mincon to exclude items with lower frequency, Equation
(14):

confidence(x > y) =mincon (14)

5) Try to calculate the probability of the coexistence of x and y and unconditionally containing
y, equation (15):
lift(x < y) = P(y)/confidence(x < y) (15)

The relationship between the support and lift values is an inverse correlation. Auditors use association
rules to analyze the data to be audited and use the mining results to give relevant opinions. First, it is
possible to process the hidden rules between data into valuable information for reference; second, it
is possible to process the huge number of operational data efficiently created by A Enterprise. The
managerial knowledge of employees cannot adapt to market conditions. However, the correlation
rules within the data not only help companies make management decisions but also make up for the
common shortcomings of auditing.

2.3.2 Time series-based audit data analysis

Also, taking Company A as an example, stakeholders, as the end-users of internal audit reports, place
high priority is given to whether the company generates significant risks in the course of operations,
and greater emphasis is placed on the company's sales profile and expected profits.. Under the
continuing operations, historical sales data and trends are analyzed using time series.

The organic integration of using difference operation and ARMA model gave birth to the ARIMA
model, but the data-oriented in this model is not smooth, and the interference of non-smooth factors
leads to the accuracy of the results being greatly reduced for this problem, which can be solved by
difference algorithm to ensure the objectivity of the results, the implementation process, as shown in
Figure 3.
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Figure 3. ARIMA model implementation process

The non-stationary series is differentiated into a stationary series by using the d th order
difference operation formula, and in most cases, the smoothness of the model can be achieved
by the first order difference operation, Equation (16):

Ve X, = vd—lxt _ Vd_lXH (16)

The autocorrelation coefficient ACF and the over-autocorrelation coefficient PACF of the
smooth time series are obtained by the autocorrelation function, and the over-autocorrelation
function, respectively, and the autocorrelation and over-autocorrelation plots are analyzed to
determine the optimal strata p and q of the ARIMA model, Equations (17-18):

ACF(p) = p, =Cov(Y,. Y, ,)/Var(y,) 17)

PACF  (0)=p,— 2 0y 1iPar; 1= 250010, (18)

Calculated d, p, q, forming an ARIMA model for testing the model. The ARIMA (d,p, q)
model is, equation (19-21):

s@)x - 22 ”
t 19
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E(g)=0

Var (&) =07

E(x&)=0 (20)
Vs <t 21)

3 Results and Analysis

To prove the feasibility of the internal audit model according to big data technology designed in the
study and to show how data mining is applied in internal audit more clearly, the later paper will show
how the mining algorithm is applied in the internal audit of enterprise A and the results from the
actual test of enterprise A's mega data audit platform, taking the revenue audit data as the example.

3.1 Analysis of audited financial indicators

Enterprise A's Kingdee Financial Software's general ledger revenue export timing chart for 2020-
2021 is shown in Figure 4.
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Figure 4. Enterprise A's revenue time series from 2020-2021

It is obvious from Figure 4 that the monthly main business sales amounts from January 2020 to
December 2021 show an overall upward trend over time and are volatile, so they do not belong to the
smoothness series and do not satisfy the prerequisites for time series analysis, and the original series
needs to be smoothed. First, we try to attempt to differentialize the original sequence by first order to
observe its smoothness. The first-order differencing of the income amount data was observed to be
not smooth, so second-order differencing was attempted, and the differencing results, as shown in
Table 1.
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Table 1. Second-order differential autocorrelation of main operating income

Delay Autocorrelation Standard Error Value Degree of freedom Significance
1 0.378 0.111 11.425 1 0.006
2 0.088 0.127 11.73 2 0.011
3 0.336 0.116 11.934 3 0.012
4 -0.156 0.103 12.888 4 0.013
5 0.325 0.117 13.137 5 0.011
6 -0.206 0.121 16.56 6 0.007
7 0.131 0.102 17.268 7 0.001
8 0.237 0.113 17.349 8 0.004
9 0.365 0.123 17.707 9 0.013
10 0.169 0.113 20.807 10 0.011
11 0.076 0.124 20.943 11 0.01
12 -0.126 0.118 25.257 12 0.001
13 -0.276 0.125 26.661 13 0.002
14 -0.083 0.105 27.455 14 0.008
15 -0.067 0.12 29.651 15 0.003
16 0.217 0.124 31.238 16 0.007

From the second-order differential autocorrelation income data in Table 1, we know that the
significance p-value of the delayed 6 periods is 0.005 and the significance p-value of the delayed 12
periods is 0.003. The significance p-values of both the delayed 6 periods and delayed 12 periods are
significantly smaller than 0.05, so the sequence can reject the original hypothesis of pure randomness.
There is more than 95% certainty that the series is not noisy data, i.e., the differenced series carries
valuable information. The time series modeling of the differenced smooth series can be performed
next, as shown in Figure 5.
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Figure 5. Second-order differential partial autocorrelation of main business income
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From Figure 5, which shows the income second-order differential partial autocorrelation plot, it can
be seen that the autocorrelation plot shows a 3rd-order truncated tail, and the partial autocorrelation
plot does not have an obvious truncated tail and exhibits a trailing tail. It is tentatively confirmed that
the ARIMA (p, d, q) model has a p value, a d value, and a q value. The three values are 0, 2, and 3,
respectively.. Therefore, the fitted model is chosen to test the model fitting results of ARIMA (0, 2,
3), as shown in Table 2.

Table 2. Model Statistics

Models Summation term: Credit amount of main business income - model_1
Number of predicted variables 1
Smoothed R-squared 0.695
Statistics 17.598
DF 16
Significance 0.357
Outlier coefficient 0.001

As can be seen from Table 2, the smooth R-squared of model 1 is 69.5%, indicating that the equation
fitted by the model can explain 69.5% of the change in the dependent variable, and the model fit plot
(i.e., Figure 5) also presents that the fitted data overlap with the original data. It can be judged that
the predicted data of the model are well-fitted with the historical revenue data of the enterprise, and
the model built is valuable. The constructed model was retained for future time prediction. See Figure
6.
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Figure 6. Enterprise A's revenue forecast results for 2020-2021

From the overall forecast results in Figure 6, the overall error in the time January 2020-December
2021 is controlled at the level of 0.79%, and the overall forecast effect is accurate in predicting the
amount of sales revenue. Thus, the fitting model's prediction results for a given month are misaligned
between adjacent months, but data prediction for a given period is accurate.
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3.2 Analysis of audit method evaluation under data analysis method

By selecting two solutions, the big data visual audit method and the traditional audit method proposed
in this paper, the two are compared and evaluated in terms of six indicators: accuracy, efficiency,
comprehensiveness, practicality, sustainability, and low risk, respectively.

In terms of measuring the three evaluation indicators under audit quality and efficiency, in terms of
accuracy, for one thing, the mega data visualization audit method helps to provide full coverage of
poverty alleviation audit, so it is more accurate than the traditional poverty alleviation audit of
sampling, and on the other hand, the big data poverty alleviation audit uses computers for intelligent
data collection and analysis, while the traditional poverty alleviation audit requires the participation
of human subjective judgment in data analysis, therefore, when the data quality is the same, the error
of poverty alleviation data collection and analysis under the big data visualization audit method is
smaller; In terms of efficiency, the mega data visualization audit method greatly improves the
efficiency of poverty alleviation data analysis, so the overall poverty alleviation work efficiency is
also much higher than using traditional poverty alleviation audit methods; in terms of
comprehensiveness, because of the large amount and wide range of poverty alleviation audit data,
traditional audit can only use the sampling method, while big data audit can promote full data and
full scope of audit supervision, so the comprehensiveness of the big data visualization audit method
is higher than that of the traditional audit method in the case of limited audit time.

In the measurement of the three evaluation indicators under the application prospect, in terms of
operability, the application of traditional audit methods for auditing has lower professional barriers
and is easier for ordinary auditors to master, while the big data visualization audit method requires
auditors to have both the technology related to big data auditing and audit ideas to build models based
on audit expertise and experience, so only a few people have mastered it, and for the time being In
terms of sustainability, it is undeniable that the traditional audit method with manual participation
will always play its fundamental role, but in terms of the characteristics of poverty alleviation audit,
to reach the purpose of "comprehensive audit and dynamic supervision", it is still crucial to use the
big data audit strategy, and in terms of the trend, the big data audit method will gradually increase its
In terms of trend, the functionality of big data audit method will be gradually enhanced, while the
application scope of traditional audit method will be gradually reduced, therefore, the sustainability
of big data poverty alleviation audit analysis method is stronger; in terms of low risk, the data of
traditional poverty alleviation audit usually exists in written form and is saved in the form of paper
files, while the data in big data visualization poverty alleviation audit method is invisible and stored
in the form of cloud, which is more likely to cause security risk when there are loopholes in the
protection system. It is more likely to cause security risks.

According to the evaluation and analysis of the mentioned indicators, the judgment matrix under the
accuracy, efficiency, comprehensiveness, practicability, sustainability, and low-risk dimensions of
each judgment matrix was obtained using the data analysis method, see Table 3.
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Table 3. Judgment matrix of traditional audit methods and big data audit methods
Big Data Visual Audit Traditional audit
Methodology methods
Big Data Visual Audit 0.34906 -0.1995
Accuracy level Methodology
Traditional audit methods 0.22963 -0.4810
B _ _ Big Ii/latahvcljm:al Audit 0.42290 20,0022
Efficiency dimension ethodology
Traditional audit methods 0.49107 -0.0940
Big Data Visual Audit
Comprehensiveness : Methodology 0.34488 -0.3001
dimension - .
Traditional audit methods 0.12239 -0.2493
- . . Big Data Visual Audit 0.12595 0.0249
Practical dimension Methodology
Traditional audit methods 0.30002 0.1963
S _ Big Data Visual Audit 0.28491 -0.0999
Sustainability dimension Methodology
Traditional audit methods 0.38134 -0.4369
o . Big Data Visual Audit 0.13110 0.0483
Low-risk dimension Methodology
Traditional audit methods 0.07995 0.0805

Based on the judgment matrix established in the table, each audit method evaluation index is brought
into MATLAB software, and the maximum eigenvalues of matrices S1 to S9 and their eigenvector
approximation solutions are calculated, and the eigenvector approximation solutions are their weight
values.

The maximum eigenvalue of S1 is calculated using MATLAB 4., =2 is always consistent with the

second-order positive reciprocal inverse matrix, so the weighting operation can be performed directly
to obtain the audit method evaluation index weights, as shown in Table 4.

Table 4. Audit method evaluation index weighting

Indicator layer Weights
Audit Effect 0.6666
Application Prospects 0.3334
The maximum eigenvalue e =3.017 of S2 is calculated using MATLAB. in order to perform the

consistency test of the judgment matrix, a key indicator, CI needs to be calculated and the average
stochastic indicator of the same order as it, i.e., Rl, needs to be, found. As shown in Table 5.

Table 5. Audit quality and efficiency indicators weighting

Indicator layer Weights
Accuracy level 0.2052
Efficiency dimension 0.3204
Comprehensiveness dimension 0.6523
Practical dimension 0.5779
Sustainability dimension 0.2537
Low-risk dimension 0.2033
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As can be seen from Table 5, the maximum eigenvalues of the scheme-level judgment matrices S4
to S9 are all 2. The weights of each index of the mega data visualization audit strategy and the
traditional audit method are shown in Table 6.

Table 6. Weights of indicators at the program level

Indicator layer Big Iﬁﬂa;?h?)/ézl:glgéudlt Tradltll\slggiggdltmg
Accuracy level 0.7933 0.1734
Efficiency dimension 0.8751 0.1495
Comgir;heenrz%e”ess 0.1450 0.1858
Practical dimension 0.8943 0.8745
Sustainability dimension 0.1625 0.7414
Low-risk dimension 0.1558 0.5647

The scores of each program were obtained by weighting the combined weights with the weights of
the program level, as shown in Table 7.

Table 7. Program Score

Indicator layer Com_bined Big Data Visual Audit Traditional Auditing
weights Methodology Methods

Accuracy level 0.7823 0.5271 0.6882
Efficiency dimension 0.788 0.4106 0.4442
Comgirgheen”:ig’rf”ess 0.7321 0.2525 0.5761
Practical dimension 0.3251 0.4515 0.4305
Sustainability dimension 0.4859 0.6883 0.267
Low-risk dimension 0.1604 0.1679 0.2621
Overall Score 0.7024 0.3933

As shown in Table 7, the score of the Big Data visual audit method is 0.7024, and the score of the
traditional Rotary audit method is 0.3933. Therefore, the Big Data visual audit method is better than
the traditional audit method.

4  Conclusion

Big data applications have penetrated all levels and fields of politics, economy and society,
profoundly affecting and changing the ways of work, life and thinking with powerful impact. The
construction of full audit coverage and big data platform interact and complement each other, jointly
promoting the progress of mega data audit. Driven by the general goal of full national audit coverage,
in order to follow the times, the big data audit platform should be established and optimized to
improve the five systems of data center, collection, pre-processing, analysis and visualization to
realize the cooperation, mutual support and seamless connection of each system, while establishing
a national mega data audit platform to maximize data sharing to realize the goal of full audit coverage
and strongly promote the national audit normalization, process and intelligence. It is also important
to know the challenges brought by mega data to audit work, and only in this way will enterprises
change the concept of audit work, strengthen the comprehensive ability of staff, and support future
audits in the long term.
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