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ABSTRACT

The background of the big data era makes enterprise tax management face many
opportunities and challenges, in order to improve the management of enterprise
capital operation risks and promote the enterprise to take the road of sustainable
development. This paper firstly indexes risk names with the help of web crawler
technology, establishes data sources, and then circulates the crawler to obtain the
required information. Secondly, a hashing algorithm is applied to compress the
massive data into a unique and extremely compact section of hash values by means
of constant mapping. Then association rules are used to determine the set of frequent
risk items, and the values of the two are continuously changed to derive the final
predictive analysis. Finally, a capital operation risk prediction and analysis platform is
built by combining the above processes. In this paper, the effectiveness of the
proposed platform is verified, and the practical results show that the accuracy of the
proposed platform for risk prediction discovery is as high as 97%, and the time spent
for risk discovery is controlled within 30 minutes. The relevant data results verify that
big data technology improves the accuracy of enterprise capital operation risk
prediction and analysis while accelerating the speed of risk discovery.
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1. INTRODUCTION

Under the premise of continuous development of the economic market, enterprises
must continuously expand their own business scope as well as business scale and
management mode in order to gain a foothold in the market competition [1].
Therefore, enterprises often use capital operation to promote the efficient operation of
capital and lay the foundation for the improvement of enterprise efficiency. The
opportunities and risks faced by enterprises in capital operation are increased due to
the influence of internal and external environment [2-4]. Therefore, it is necessary to
study how to prevent the risk of enterprise capital operation and countermeasures.

Corporate capital operations have long been a hot topic of research in the industry
[5-6]. The literature [7] states that firms with high social capital exhibit higher levels of
risk-seeking behavior. Moreover, the relevant actions of firms lead to greater volatility
in stock returns and earnings. Thus, it is clear that firms should conduct capital
operations to generate returns while preventing risks from causing greater losses. The
literature [8] constructs a minimum risk versus capital and risk diversification strategy
for investment portfolios, taking into account the most frequent capital risks in various
industries today. Risky capital is placed separately from risk-free capital, so that the
benefit obtained is a weighted average of risk-free assets, while the risk is not a
weighted average of risky assets, spreading the capital risk. The literature [9] used
Bayesian network models in big data technology to calculate the risk of water pollution
and assess the impact of contaminants in water, which identified the critical causes
and thus the risk of adverse accidents. A new model for risk assessment was
proposed in the literature [10]. Preliminary estimates are made with the help of
reference scenario prediction methods and optimistic bias enhancement is performed.
Uncertainties are introduced in the cost-benefit analysis. Thereafter, a quantitative risk
analysis is provided using Monte Carlo simulation. Although the above-mentioned
literature proposes a series of new methods for risk prediction, the proposed methods
do not fully take into account the large size of the risk data, the data storage system is
more settled, and the analysis of the data is not thorough enough, and the
conclusions obtained are not representative.

Therefore, this paper builds an enterprise capital operation risk prediction and
analysis platform based on big data technology. Firstly, with the help of the web
crawler technology in big data collection technology, the capital operation risk is
indexed and relevant data is obtained through continuous cyclic crawling. Secondly,
the hash algorithm in big data storage technology is used to compress the massive
data into unique and extremely compact hash values, and then realize the storage of
massive data. Finally, the set of frequently occurring risk items is determined by using
the confidence and support degrees in the association rules, and the values of both
are continuously adjusted to derive the final capital operation risk prediction analysis
data. In order to verify the effectiveness of the enterprise capital operation risk
prediction and analysis platform built based on big data technology, this paper
analyzes the accuracy and time required for enterprise capital operation risk
prediction and analysis in the simulation experiment and verifies that the enterprise
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capital operation risk prediction and analysis can be achieved quickly and accurately
based on big data technology.

2. CORPORATE CAPITAL OPERATION

2.1. CAPITAL OPERATION

Capital operation as a business concept has a long history and has been
developed and perfected with the formation of a commodity economy and market
economy. Capital operation is becoming an important way for enterprises to enhance
economic efficiency and realize self-value appreciation. By capital operation, it means
that the enterprise operator takes all the tangible or intangible assets and production
factors owned by the enterprise, through flow, fission, combination, optimal allocation
and effective operation in various ways, to gather a large amount of capital in a short
period of time, and make the capital increase rapidly through capital expansion, in
order to achieve the maximum capital appreciation [11-12]. The process of capital
operation is also the concrete implementation process of capital management strategy
and capital movement.

The various aspects of capital operation are interlocked to form a closed loop.
Capital operation requires an all-around control of financing, investment and assets,
etc. The object of capital operation is property rights in the form of stock assets, or
physical capital that can be operated according to securitization and valuation, and is
a capital-oriented enterprise operation mechanism. The capital operation usually
leads to a transfer of ownership or a significant change in the original shareholder
structure. The core issue of capital operation is how to optimize the structure of
production factors to improve the efficiency of capital operation, which includes the
optimization of resource allocation structure, the optimization of industrial capital,
financial capital and property rights capital structure, the optimization of speculative
capital and incremental capital and the optimization of capital operation process.

However, capital operation is a risky economic activity, which can bring great risks
to the enterprise while bringing rapid development opportunities to the enterprise.

2.2. CAPITAL OPERATION RISK

Capital operation risk refers to the possibility of failure of capital operation or failure
of capital operation activities to achieve the expected goals and losses due to the
complexity and variability of the external environment and the limited cognitive ability
of the capital operation subject in the process of capital operation. In simple terms,
capital operation risk refers to the possible loss of the enterprise due to the
occurrence of unfavorable events in the process of capital operation, which is mainly
caused by the uncertainty of the environment.

https://doi.org/10.17993/3ctic.2023.122.227-242
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According to the definition of capital operation risk, it can be seen that the direct
bearer of capital operation risk is the capital operation subject, i.e., the capital
operation enterprise rather than the owner of the capital, although it also brings losses
to the owner of the capital. Capital operation risk mainly comes from the complexity
and variability of the environment, i.e. the uncertainty of the environment. The
relatively limited cognitive ability of the capital operation subject to the environment is
also an important factor leading to the capital operation risk. There are two
consequences of capital operation risk: failure of capital operation and failure of
capital operation activities to achieve expected goals. Failure of capital operation
refers to the suspension of capital operation activities, while failure of capital operation
activities to achieve the expected goal means that the capital operation activities are
successful but do not achieve the desired efficiency. For example, the merging firm is
forced to terminate the merger due to the anti-merger resistance of the merged firm.

In general, enterprise capital operation risk mainly contains the following aspects,
namely, operational risk, information risk, management risk, legal and regulatory risk,
etc.

Business risk refers to the occurrence of business risk due to the lack of
comprehensive understanding of market information in the actual management
process and the lack of countermeasures for problems in internal management, which
creates problems in the operation process and thus affects the normal operation of
the enterprise [13-14]. Financial risk, on the other hand, refers to the fact that
enterprises do not have scientific planning for financial management work, the use of
funds is more arbitrary, and operational risks are increasing, which leads to financial
risk [15]. In the context of the information age, the processing of market information by
enterprises is not scientific and reasonable enough, which leads to the phenomenon
of information asymmetry and adversely affects the business decisions of enterprises.
As enterprises are subject to state regulation of capital operation, the phenomenon of
inefficient operation and unreasonable setting of capital structure still exists in the
actual operation of enterprises. In addition for the internal management of enterprises,
the deviation of management concept and the mistake of operation within the
enterprises can cause management risks. In addition, capital operations in other
countries can also spill over into the development of developing economies [16]. The
development of the market economy must be based on the relevant national laws and
regulations, and the macroeconomic regulation of the state will be adjusted, which will
have a certain impact on the M&A behavior of enterprises, thus making the operating
costs of enterprises higher.
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2.3. CHARACTERISTICS OF CAPITAL OPERATION RISK

2.3.1. OBJECTIVITY OF CAPITAL OPERATION RISK

Objectivity is the essential characteristic of capital risk, as can be seen from the
definition of capital risk. Like all other risks, capital risks do not exist at the will of the
operator. It exists objectively regardless of whether the operator acknowledges it or
not, or whether he is aware of it or not. Capital operation risk exists not only in the
preparation stage and the operation stage of capital operation but also in the
commodity operation stage after capital operation.

2.3.2. VARIABILITY OF CAPITAL OPERATING RISKS

Capital operation risk can change under certain conditions. The probability of
occurrence, the degree of impact, and even the scope of impact of capital operation
risks are different in each period and each link of capital operation and under various
conditions. This requires the capital operating entity to make full use of various
methods and means to identify and prevent risks in the process of capital operation
risk prevention.

2.3.3. PREDICTABILITY OF CAPITAL OPERATION RISK

Although capital operating risks are variable highly contingent and uncertain, capital
operating risks can also be identified and predicted. While the occurrence of a single
risk may be contingent and uncertain, the occurrence of a large number of risks is
inevitable. In fact, the occurrence of risks before, during, and after the operation of
capital operation will have certain characteristics. As long as the capital operation
subject of the enterprise can capture such information, it is possible to detect the risks
in time and prevent and avoid them early through prediction and analysis. However, in
order to accurately anticipate risks and take effective preventive measures, it is
necessary for capital operators to have risk awareness and accumulate experience in
identifying and preventing risks.

Thus, it is very necessary to study and explore the risk of capital operation. In the
new development period, enterprises should establish capital operation risk early
warning mechanisms based on national and industry norms, based on laws and
regulations, based on their own capital operation needs, etc., and use the early
warning mechanism to timely discover, identify prevent, and control all kinds of risks in
the process of capital operation, so as to fundamentally improve the security of capital
operation. However, the current era is the information age, and big data technology
has become the core weapon of each enterprise, which will play an important role in
the transformation and development of enterprises and risk prevention and control.
Therefore, enterprises wanting to conduct risk prediction and analysis of capital
operations need to rely on big data technology.
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3. RISK PREDICTION UNDER BIG DATA TECHNOLOGY

Big data technology refers to a new type of information processing technology in
which people and objects upload data between them through a third-party medium,
the computer, and the computer categorizes, fuses, and processes the data uploaded
into the network. The strategic significance of Big Data technology does not lie in the
mastery of huge data information but in the specialized processing of these data
containing meaning [17-19]. In other words, if big data is compared to industry, the
key to the profitability of this industry lies in improving the processing capability of the
data and realizing the value-added and prediction of the data through processing.

3.1. DATA ACQUISITION

Data acquisition is data mining, i.e., extracting high-value data information from
inside massive data resources, and is an important method used to obtain association
rule attributes to filter data. Data acquisition belongs to a decision support process,
mainly based on artificial intelligence, machine learning, and pattern recognition, and
can also interact with users or knowledge bases. The mining object is also not limited
to a certain type of data source but can be a relational database, data warehouse,
text, multimedia data, and other data sources containing semi-structured data or even
heterogeneous data [20]. More common is the web crawler technique.

Web crawler technology is a technology based on the Internet that automatically
crawls a specific web page. Its implementation mechanism is similar to the human
click operation on web pages, and it can complete the interaction between the client
and the server without human intervention to achieve automatic, accurate, and large-
scale extraction of web data. According to the different crawling tasks, web crawlers
can be classified into various types such as general-purpose, focused, priority,
incremental, deep, etc. Meanwhile, users can also build custom web crawlers
according to their actual needs.

Web crawler technology is used to collect information related to enterprise capital
operation risk, the specific steps are as follows:

Firstly, collect data requirements according to predefined. Establish the data source
website with the name of enterprise capital operation risk as the index. Use web
crawler technology to crawl enterprise basic data and related information, such as
national enterprise credit system, judicial system, Tian-eye search, enterprise search,
Qixinbao, etc., focusing on asset data, trademark data, public litigation data, public
opinion data and deep mining and crawling of enterprise relationship.

Next, the seed initialization crawler is constructed. Using the name data of existing
corporate capital operation risks, we construct the initialization crawler based on the
characteristics of each website. Then, we obtain the source documents of the web
pages. The source document of the web page is parsed and the required text content
is stored in the database, or the required data is extracted and put into the queue to
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be crawled and then entered into the cycle of crawling. Finally, the data obtained by
the crawler is stored in the database.

3.2. DATA STORAGE

At this stage, the most commonly used system for data storage is a distributed
electromechanical system. Distributed electromechanical systems can store massive
amounts of data on multiple spatial and temporal scales. However, as the service time
of the equipment becomes longer, the amount of data for remote monitoring of
distributed electromechanical systems grows exponentially. At this time, the use of
distributed storage systems for data storage may suffer from load-balancing
imbalance. The use of a hashing algorithm can achieve distributed data storage with
minimal and stable system changes, as shown in Figure 1.
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Real-time calculation of storage system load status indicators, greater than the
threshold value triggers dynamic allocation mechanism, re-adjustment of
virtual nodes until the load status indicators are below the threshold value

Figure 1. Distributed storage under hash algorithm

As can be seen in Figure 1, using hashing algorithms to store enterprise capital
operation risk data, the entire risk data storage space can be abstracted as a ring of
fixed length, and then storage nodes are assigned to this ring. In this way, the nodes
on the ring all have a fixed hash value, and this ring is called a hash ring. The same
hashing algorithm is used to find out the hash value of the keys of the stored data and
they are mapped on the same hash ring as well. Finally, the storage node is found
clockwise from the position of the data mapping, and the data is stored on the first
found storage node. In this way, the enterprise capital operation data information
becomes a unique and extremely compact hash value of the data, which facilitates the
storage of information.

3.3. ASSOCIATION RULE PREDICTION ANALYSIS

In order to efficiently predict the risk of capital operations, we need to process and
analyze the large amount of data generated during capital operations. Eighty percent
of the data generated during capital operations is unstructured and grows
exponentially by 60% every year. This corresponds to the data processed by big data
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technology. There are three main categories of data processed by Big Data
technology, namely structured data, semi-structured data, and unstructured data, and
unstructured data is becoming a major part of data.

In big data processing and analysis, correlation analysis is one of the simplest and
most practical analysis techniques, which can be used to better handle unstructured
data and generate frequent patterns and correlation models at the same time. The so-
called association reflects that an event is dependent or related to other events to
some extent and can be predicted according to the relevant rules. Association rules
are a widely used pattern recognition method, which can be applied to enterprise
capital operation risk prediction to effectively identify the risk factors involved.

Let the possible risks in the capital operation of an enterprise be set, and each risk
in it can be regarded as a subset. Each risk subset and the whole risk set are logically
implicitly related. If the probability of two risk subsets appearing simultaneously in the
whole association rule is small, it is proved that the relationship between the two risks
themselves is not significant. If the probability of the simultaneous occurrence of two
risk subsets is very frequent, it indicates that the two risk subsets are related to each
other, and this probability of simultaneous occurrence can also be called support. The
probability of two risk subsets occurring simultaneously is the confidence level, and
when the confidence level is 100%, then the two risk subsets are proved to be
relational and intimate. When one of the risk subsets appears, the other risk subset
also appears in a bundle.

The risk dataset stored by the hashing algorithm is used as input data, and the
frequent item set is obtained by setting the minimum support, and then the next
process proceeds. According to the confidence threshold, the strong association rules
that meet the requirements are inferred from the results generated in the previous
step and are aggregated and verified, and the whole mining process is finished. In the
process, we can set different parameters to guide the mining process according to the
actual needs, and the final results of risk prediction analysis factors are derived by
continuously changing the values of both.

3.4. PREDICTIVE ANALYTICS BUILDING PLATFORM

Using the web crawler technology, hash algorithm, and association rule analysis in
big data technology, we can achieve optimization in the accuracy and analysis speed
of risk prediction, and better improve the process and results of capital operation risk
prediction analysis. Accordingly, this paper builds an enterprise capital operation risk
prediction and analysis platform based on the above algorithms, as shown in Figure 2.

https://doi.org/10.17993/3ctic.2023.122.227-242



Cuadernos de desarrollo aplicados a las TIC. ISSN: 2254-6529 Ed.43 | Iss12 | N.2

o Affiliation rules and enterprise capital
Data Distribution operation risk factors and data

Layer T

Data Fusion ——» Unicode —

Data integration F\

layer

Distributed high-
speed storage

Data Acquisition Data Flexible distributed
Model Mapping Acquisition cluster management
Capital Power Document
constraints Statute Interface
Data Interface Standardized interface access

Layer T

Interaction Interface Adaptation
T Equipment Data

Data feature extraction ay [

Figure 2. Enterprise capital operation risk prediction and analysis platform

As can be seen from Figure 2, the built enterprise capital operation risk prediction
and analysis platform includes three modules: data interface layer, data integration
layer, and data distribution layer. The data collected in the major platforms by relying
on web crawler technology are input to the data interface layer and feature extraction
of the data to extract high-risk data. Through the interface with the data integration
layer, the high-risk data is connected to the data integration layer. In the data
integration layer, the hash value of the keys of the stored data is derived by the
hashing algorithm and mapped on the same hash ring. Finally, the storage node is
looked up clockwise from the location of the data mapping, and the data is stored on
the first found storage node. The data and hash ring are uniformly encoded to achieve
distributed high-speed storage and flexible management of data. Finally, the stored
data are analyzed by correlation rules to derive the most likely operational risks of the
final enterprise when conducting capital operations. The platform has powerful data
storage and processing capabilities in all aspects, which can effectively alleviate the
problem of information asymmetry.

4. APPLICATION OF ENTERPRISE CAPITAL
OPERATION RISK PREDICTION ANALYSIS

4.1. INCREASED ACCURACY OF PREDICTIVE ANALYSIS

The most fundamental purpose of applying big data technology to enterprise capital
operation risk prediction and analysis is to improve the accuracy of enterprise capital
operation risk prediction and analysis. Accordingly, in this paper, the platform was put
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into use in 10 companies in a city, denoted by letters A, B, C, D, E, F, G, H, l and J, to
compare the predictive analysis accuracy of the 10 companies before and after using
the platform. The results obtained under the same conditions are shown in Figure 3.
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Figure 3. Comparison of accuracy rates of sample companies

As can be seen in Figure 3, before the use of big data technology, the accuracy of
capital operation risk prediction analysis of Company A was only 53%, and after the
use of Company A, the accuracy of capital operation risk prediction of Company A has
increased by 40% to 93%. Company B's capital operation risk prediction accuracy
increased from 61% to 91%, an increase of 31%. Both Company C's risk forecast
accuracy and Company G's risk forecast accuracy peaked at 97%, an increase of
38% and 41%, respectively, from the previous levels. Before using the built platform in
this paper, the risk prediction analysis accuracy of Company D was only 64%, while
after using the built platform, the accuracy rate was 94%. Before applying the built
platform to the whole process of capital operation, Company E had the highest
accuracy rate of 70% in the risk prediction analysis of enterprise capital operation.
Company F's risk prediction accuracy rate also improved significantly, lower than
other companies, but also increased by 24% compared with that before. Company H
and Company | improved their risk forecasting accuracy by 30% and 24%,
respectively, compared to their pre-platform performance. Company J had the lowest
risk prediction accuracy of 55%, but after applying the built platform, it improved to
95%, ranking third.

It can be seen that the introduction of big data technology in enterprise capital
operation risk prediction and analysis has achieved a significant increase in the
accuracy of enterprise capital operation risk prediction and analysis, which can help
enterprises reduce unnecessary waste of resources and recover a lot of unnecessary
losses.
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4.2. INCREASED SPEED OF PREDICTIVE ANALYSIS

Enterprise capital operation risks often occur in a split second, while the losses
caused by the risks are infinite. The improvement of the speed of risk prediction and
analysis is also based on big data technology in building prediction and analysis
platforms needs to be considered. The speed of analysis should not decrease with the
increase in the amount of information such as data. To verify the analysis speed of the
platform built in this paper, 3,000 data, and 6,000 data were input into the platform to
derive the platform risk prediction time and compare it with the time required before
the enterprise uses the built platform, and the results are shown in Figure 4.
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Figure 4. Time required to analyze the predicted risk of corporate capital operations
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As you can see in Figure 4(a), before using the platform, it took 50 minutes for
companies to identify capital operation risks when analyzing data of up to 300.
However, after using the platform, it only takes 25 minutes to identify potential capital
operation risks, which is one-half of the time saved. When the data reached 600, the
built platform took only 24 minutes to identify risks, a reduction of 20 minutes from the
previous 44 minutes. When analyzing 900 pieces of data, it took 45 minutes to identify
risks before the enterprise used the platform, while after the application, risk discovery
took less than half the time. When the data was 1200, the time for risk discovery was
reduced by 21 minutes compared to the original. When the number of data is 1500,
the risk discovery time is reduced by 20 minutes. When the data reached 1,800, the
built platform took only 28 minutes to discover the risk, a reduction of 15 minutes from
the previous 43 minutes. As the data increased, the platform still took less time to
discover risks than it did before use. When the data was 3000, the time for risk
discovery was reduced by 15 minutes from the previous 42 minutes to only 27
minutes.

As can be seen in Figure 4(b), the risk analysis speed of the platform built in this
paper remains at a high level as the data volume increases. When the data volume
reaches 3300, the time taken by the built platform drops by 28 minutes. When the
data volume was 3600, the time for the platform to discover risks was 21 minutes,
which was 30 minutes less than before using the platform. Before using the platform,
it took 55 minutes to discover capital operation risks when analyzing 3900 data.
However, using the platform, companies can identify potential risks to capital
operations in just 20 minutes, saving nearly one-third of the time previously. When
analyzing 4,200 pieces of data, it took 57 minutes to identify the risk, but with the
platform, it took only half the time to identify the risk with 5 minutes remaining. When
the data reaches 4,500 to 5,700, the platform takes up to 27 minutes to identify
potential risks, compared to a minimum of 49 minutes before use, a reduction of 22
minutes. When the data volume is as high as 6,000, the platform takes only 22 hours
to discover risks, nearly a quarter of the time it took for the original enterprise.

By comparing the time spent on the same amount of data, it can be found that the
time required for the capital operation risk prediction and analysis platform based on
big data technology is controlled within 30 minutes, with a minimum of 20 minutes.
With the increase of data and other information, the prediction and analysis accuracy
rate can still be maintained at a high level. Thus, the application of big data
technology to the prediction and analysis of enterprise capital operation risk is helpful
to help enterprises quickly identify the existence of risks, and then take timely
measures before the occurrence of risks, so that losses can be controlled within
affordable limits.

5. CONCLUSION

In order to promote the benign development of enterprise capital operation, this
paper uses web crawling technology to index the enterprise capital operation risk and
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then obtain the required data through cyclic crawling. Using a hashing algorithm, the
relevant numbers of the massive enterprise capital operation risks are compressed
through constant mapping, so that the massive data can be stored effectively. The
frequent risk items are identified through association rules to derive the final capital
operation risk prediction analysis data. Finally, an enterprise capital operation risk
prediction and analysis platform is built based on the above big data technology. The
accuracy of the built predictive analytics platform is 97%, and the risk prediction time
is as low as 20 minutes and does not decrease as the amount of information
increases. From the accuracy and speed of risk prediction analysis, it can be seen
that the enterprise capital operation risk prediction analysis can be well achieved by
relying on big data technology.
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