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Abstract. In the context of wide application of information technology, fully mastering
the technical methods and technologies of software development and understanding
the essential characteristics of software development can fully improve the technical
capacity of application software, and it also plays a supporting role in solving
technical problems related to software development. In the era of big data, economic
development and technological innovation are prerequisites for the development of
the era; most information technology applications require software as a carrier. We
must develop appropriate software according to our needs in the application process.
Application software technology can improve the efficiency of software development.
The developed software can effectively improve users' understanding and application
ability. This paper introduces the importance of the software development method
and analyzes its application practice in software development. The case study shows
that the method in this paper has obtained 87% utility approval in the practical
application process.
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1  INTRODUCTION

In the information age, people's lives and work will produce a lot of data, which contains valuable
information and knowledge and will help enterprise managers make scientific and practical
management decisions[6]. Data analysis and mining are information technologies in the age of big
data. Its driving force is the increase in data and the demand for data analysis [8]. The amount of
information carried by words doubled every ten years after the Industrial Revolution. After 1970,
the amount of information began to double every three years. Up to now, the amount of information
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has doubled every two years. In 2020, the global data usage will be about 35ZB, achieving explosive
growth. The main areas where data exist are geographic information, medical and health care, and
others. The amount of data has increased rapidly in the process of decreasing the cost of data
collection, and the data types have significantly increased with the emergence of new data sources
and data collection technologies, which also increases the spatial dimension of data and the
complexity of big data [12]. Take Taobao as an example. The number of members is about 370
million, and the number of online goods exceeds 880 million. A large amount of data will be
generated every day. If these data are not used scientifically, they will be wasted, and the value of
big data cannot be realized[9].

SE methods have also undergone constant innovation and upgrading, and they play an
indispensable role in computer software development. Modern technology also makes software
development more concise, reducing the time and workforce required for software development[15].
Whether in the medical, financial, tax, or education fields, we need support for science and
technology to achieve our innovative development. Applying modern SE methods to the development
of computer software can make the systems and software used in various industries have more
intelligent functions, help the industry carry out information reform, and promote the industry's
sustainable development, which is of great practical significance [4].

SE methods have profound application significance in computer software development. Some
software development difficulties involve a wide range of people, and having many applications is
relatively high. More software engineers must cooperate closely in the development process, which
takes a long time [14]. Once the development quality is unqualified or cannot meet users' needs,
new software will be developed, and the demand for human resources, economy, and material
resources is high.

The development efficiency can be improved after the SE method is applied. The developed
things can be detected promptly during development, and each port can be effectively monitored.
Once problems occur, adjustments can be made promptly, ensuring the developed software's overall
performance and avoiding multiple repairs later [19]. The SE method provides an automated or
semi-automatic development environment in the development process. It directly constructs a series
of task frameworks, sets corresponding tasks according to the development goals, divides the tasks
into different stages, and completes the software development stage.

The design and development of software is to meet the application of established groups. Only
a good user experience of software can achieve the sustainable development of the software itself.
For software development engineers, only by designing and developing software satisfactory to the
public and users with good experience can the software be valuable and its value be reflected.
Applying SE methods can effectively assist software engineers in developing software products, more
closely connecting data and data in the development process, repeatedly conducting independent
tests, and ensuring smooth transformation between various software functions [23].

Nowadays, most computer software needs to use the network as the basis of its application.
Some large-scale software has high requirements for computer hardware and networks. Once the
network signal is terrible, it will lead to software stuttering, frame dropping, and other situations
that affect the user experience; it can optimize the network application system, have a more vital
network capture ability, and reduce the impact of the network on software applications[13],[16].

The application of SE allows computer software development access to more intelligent functions.
Some computer programs are challenging to achieve application by relying on pure manual
programming, which consumes more time and human resources and is difficult to maintain later.
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Therefore, only some computer software will be put into application. With the support of SE,
computer software has achieved semi-automatic development. With the support of SE, many links
have reduced human participation, and the accuracy of software functions has been improved
through modern technology.

2  RELATED WORKS

Developing computer system software is complex and tedious work involving a wide range of
professional knowledge. Carelessness may lead to various problems and may have a particular
impact on the performance and stability of the computer software system [11]. Applying SE
technology can provide a suitable environment for the development work. In the actual development
work, the relevant staff can timely find out the problems and deficiencies in all aspects of software
development, reduce the influence and restriction of external factors on software system
development as much as possible, and make the computer software development system and
program more and more perfect. In the 1960s, various SE methods emerged, such as structured,
formal, and object-oriented methods [7]. The structured method mainly divides the life cycle of
software into different stages according to the actual situation of software development and
gradually realizes the development goals of different stages through structured technology. The
formal method is mainly based on traditional mathematical transformation, which can transform the
system description into an executable program. Object-oriented methods can closely relate data and
related operation steps, making the software development process more stable and orderly. Only by
strictly controlling each step and doing well in every detail can the limitations and shortcomings of
computer software development be reduced as much as possible and the development task be
ensured orderly [5],[1]. In addition, SE technology can further expand the storage space of
computers, reduce the pressure on hardware, and avoid excessive resource consumption in the
actual operation process. When any problem occurs in the development process, the relevant staff
can also give full play to the advantages of SE technology, quickly find the problem, and take
corresponding measures to solve it in time to avoid becoming more serious.

The structural analysis principle is to form a complete structural framework based on the content
association between various system elements so that the use of computer software functions can be
fully expanded [17],[21],[10]. Most foreign object-oriented methods are used for the functional
advantages of computer systems, and the system functions are adjusted based on the use of
different system languages. However, in terms of the structural analysis method, it is impossible to
match the existing computer language system due to the difficulty of technical development and the
outdated technical system [18]. Therefore, it is mainly used for the function development of server
computer equipment [20].

Applying domestic SE methods also adopts the object-oriented method module [2]. In the early
stages, computer software development in China mainly relied on formal methods. The development
mechanism used in the underlying architecture was the same, but it was only optimized in terms of
software content and functional assistance [24]. In recent years, the computer technology level in
China has improved yearly, and SE technology methods have gradually shifted to object-oriented
methods [22]. The domestic object-oriented method system development logic application is
extended around using foreign Object-c, C++, Eiffel, Object Pascal, Java, and other languages [3].
However, the difference is that most of the domestic object-oriented methods make use of the
polymorphic characteristics of this method and use the computer system clock to operate
instructions on different objects of the same message to maximize the ability of computer software
to synchronize information processing so that the functions of computer system software can be
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further adjusted based on user needs. Therefore, it has advantages over foreign countries regarding
method use and technical convenience.

3 METHODS

3.1 SE Ecology

Through comprehensive sorting and analysis of software ecology, this paper divides the software
community into the development and application communities, covering different stages of software
development, release, and application, and conducts research and analysis on SE big data. SE big
data is based on code, documents, development records, and other texts with rich semantics. To
this end, this paper has built a systematic SE open-source ecological extensive data system (as in
Figure 1), which involves development products, development processes, software products,
software images, consultation discussions, application Q&A, and other aspects, covering GitHub,
Apache, Topcoder, Docker Hub, OSCHINA, Stack Overflow and different types of mainstream open
source communities, providing a more complete global view for SE research and experiments.
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Figure 1: Open-source ecological extensive data system of SE.

The system mainly includes three categories: development data, delivery data, and application data,
and each category is subdivided into multiple subcategories. Finally, the classification system has
established a mapping with the specific data formats of various current software warehouses,
communities, and forums. The details are as follows: (1) Development data: The development data
takes the products and processes of software development and design in SE as the core. The
development products include source code, compiled files, and submission logs. The development
process involves developers, merger applications, problem tracking, email interaction, continuous
integration, and competitive development. Specifically, the data sources corresponding to the
development data include version library, Issue library, mailing list, evaluation tool, and competition
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system, and the data source instances involved include GitHub, Apache, and Topcoder. (2) Delivery
data: Delivery data mainly refers to software products delivered to the production environment. At
the same time, with the development of virtualization technology and container technology, software
image, as a particular delivery method of software products, is gradually emerging and exists in
large numbers. Therefore, it is also a separate subcategory of delivery data. Software product data
involves all aspects of software, including software description, software label, software
classification, and executable program itself; software images are similar, including image
descriptions and image files. Delivery data mainly comes from software product pages, software
packages, and image warehouses. Specific examples include OpenHub and Docker Hub. (3)
Application data: application data mainly includes information discussion and application Q&A, in
which information discussion includes online documents, community feedback, document tags, and
other attributes. Application Q&A is mainly aimed at online community activities through questions
and answers. The data includes questions and answers, question tags, and other attributes. The
primary data sources of application data are online documents, and Q&A. Specific examples include
OSCHINA and Stack Overflow.

This paper proposes an "incremental, multi-mode" self-growing data acquisition and processing
framework (as in Figure 2), which can aggregate, collect, and organize different software data types.
Specifically, for different kinds of data such as web page data, version library data, and defect library
data, this paper studies the key technologies such as active awareness, directional collection, multi-
source association, and incremental detection, designs and deploys distributed crawlers, and
implements a variety of collection methods such as web page crawlers, data acquisition based on
application programming interface (API), and direct download of data packets. The details are as
follows.
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Figure 2: Open-source ecological extensive data collection and processing framework of SE.
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Data collection method based on web crawler: the technique of fixed-point crawling is adapted for a
specific software library, and the corresponding data information is obtained based on the strategies
of tag matching and regular expression matching commonly used by the crawler by analyzing the
data characteristics and schema format in specific data source web pages. In addition, periodic and
incremental crawling is realized based on information such as timestamps to avoid repeated data
acquisition. Among them, most software data are obtained based on the crawler technology,
including the source code, email, web page, and version control of the Apache Foundation project,
the defect report and code of the Eclipse community project, the metadata information in the funded
code base and Docker Hub, the Dockerfile of code products and containers, the blog, question and
answer and forum of CSDN, etc.

API-based data collection method: Besides web crawlers, some open-source software libraries
provide open APIs for obtaining and downloading data information. Therefore, corresponding data
information can be obtained by calling APIs, including Topcoder crowdsourcing development data,
Apache Foundation project defect reports, etc.

Direct download method of data package: some communities compress and archive historical
data and directly provide external data download addresses, such as document data of the Stack
Overflow community. On this basis, SE's open-source ecological extensive data collection and
processing framework can be divided into three layers: data acquisition, data analysis, and
persistence. The initial data collection, analysis, processing, and final data display can be completed
by collaborating the three layers. The data analysis layer extracts the page information obtained by
the data acquisition layer, extracts the critical information on each page, and verifies the extraction
results. The verified page data will be stored in the database to prepare for data analysis. There are
also some data mining algorithms in this layer to analyze the extracted data, including community
association, software evaluation, etc. The persistence layer processes the data processing results
according to the final data format to be displayed and stores the processing results in the data buffer
pool. Finally, the persistence layer continuously transmits the data to the display platform to provide
data support for the platform's display.

3.2 Modeling based on SE

The main structure of the system is divided into three parts: graphical modeling end, background
server, and cloud computing platform. The interaction between the graphical modeling end and the
background server is mainly about uploading and downloading documents. The specific process is
that modelers click to upload documents to the background server and click to download documents
to download documents to the local. The interaction between the background server is mainly about
the upload of documents and the reception of feedback.

As in Figure 3, the work on this topic is in the red box. The output of the modeling end includes
the modeling operation of the modeler, the model description document, and the data document to
be collected in the process management. The output of the cloud computing platform is two types
of analysis results, one for models and one for modelers, which are managed by the back-end. The
model description generation document module is used to collect and store the model description
document, the model validation record document generation module is used to collect and store the
model validation information during the modeling process, and the modeling operation sequence
document generation module is used to collect and store the operation sequence of the modeler
during modeling, The function modules and function point change documents are used to record
business management data, the software process management documents are used to record
measurable indicators in the software management process that need to be collected, and the
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background server is responsible for receiving and sending various documents with the modeling
client, and shipping and receiving documents with the cloud computing platform, as well as managing
the details of the modeling personnel, The document upload and download module is responsible for
the upload of client documents and the receipt of background documents. The software reliability
prediction module is responsible for the reliability prediction of various metrics extracted by the
cloud computing platform.
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Figure 3: System architecture.

The data storage of this system is divided into modeling tool client and background server. Most of
the data is stored in the background server, and a small part of the data needs to be stored locally
in the modeling tool client. This system's vast majority of data are stored, uploaded, and downloaded
as documents. Only the user details table at the background server is stored in the database.
Therefore, only one database table exists in this system to keep the detailed information of modeling
staff. The background server uses the MySQL database. According to the requirements of the
system, the detailed information table of modeling staff is described as follows: the detailed
information table of modeling staff stores the basic information of users, including user ID, user
education, project development experience, learning ability, modeling ability, modeling times and
historical modeling scoring. Its physical structure is in Table 1.

Data item Data type | Default | Can it be blank
User ID TINYINT 1 Must not
Education background TINYINT 1 Must not
Project development experience | TINYINT 0 Must not
Learning ability TINYINT 1 Must not
Modeling capability TINYINT 1 Must not
Modeling times TINYINT 0 Must not
Historical modeling scoring TINYINT 0 Must not

Table 1: User table structure.
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In addition, since the background server also provides FTP services, documents need to be stored.
It includes the software process management documents to be collected from the modeling staff
and the function module and function point change documents to be sent to the modeling staff. In
addition, the modeling operation sequence document will be uploaded to the opSeq folder under the
folder named by the member ID, the model verification record document will be uploaded to the
checkers folder under the folder named by the member ID, and the model description document
folder will be directly uploaded to the folder named by the member ID. The locally stored documents
include the model description document to be uploaded, the modeling operation sequence document,
the model verification record document, the downloaded function module and function point change
document, and the data document to be collected in the software process management process.
Under the local folder named by user ID, a total of 5 subfolders are created, including the model
description document folder, modeling operation sequence document folder, model verification
record document folder, function module and function point change document folder, software
process management document folder, etc., The model description document exists in the
corresponding folder in XML form. The naming format of a single document is ID+ model name. The
naming of the remaining files is determined by their respective personnel IDs and file types. The
format is ID+ document type.

There is only a mutual transfer of documents between the modeling tool client and the
background service module. The FTP protocol is used to transfer documents here. The background
service module enables the FTP service. When the modeling tool client needs to upload and download
documents, it creates an FTP connection with the background service module and selects the
documents to upload or download. The background server and cloud computing platform also use
the FTP protocol to realize the document upload function.

3.3 Design and Implementation of Reliability Prediction Module

This paper optimizes the reliability prediction model previously used in the system and adds a
reliability prediction method based on the activity diagram. The system has once achieved and
adjusted the parameters of support vector machine, logical regression, AdaBoost, random forest
method, neural network, and K-nearest neighbor algorithm through experimental comparison and
obtained the prediction model with the best prediction effect. This model is based on the AdaBoost
algorithm; its values are in Figure 4.
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Figure 4: Model prediction effect based on the Adaboost algorithm.
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The accurate Adaboost algorithm is in Table 2 below.

Input: training set {(x1,y1), (%2, ¥2), ..., (o, )}, vi € {—1,+1}
Output: Strong classifier H (x)

Table 2: Real AdaBoost algorithm.

1. The initial distribution D, (i) = 1,
2. Fort=1,2,3, ..., T, T is the number of weak classifiers
1. Divide the training set X, X,,..., Xy,
2. Calculate the weight:

Vvlj = P(xi € X]'ryi = l) = inEX]-,yFlDl(i)'l € {_1'+1} (1)
3. Calculate t each weak classifier, vx € Xj, h(x) —-1n (le ’;), where y is the smoothing factor, y €

0,1).

4. Calculate the normalization factor Z, = 23 /lew_fl,

5. The weak classifier with the smallest Z is selected Z, = min Z, h, = argmin Zselected in this
iteration,

6. Update the distribution D, (i) = D;(Q)exp[—y;h; (x))],
7. Strong classifier H(x) = sign[>1-; h,(x) — b].

Through the implementation and parameter adjustment of the Real Adaboost algorithm, the
prediction model obtained is compared with different values of the prediction model obtained based
on the AdaBoost algorithm. It can be found that Real Adaboost will have a better prediction effect.
See Figure 5.
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Figure 5: Comparison of reliability prediction model experiments.
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The steps of reliability prediction based on the activity diagram are as follows: first, judge its basic
control structure, mark the reliability information of each node in the activity diagram, simplify the
activity diagram to make each path into a chain sequential structure, and generate test paths, mark
the transition probability of each branch, and then calculate the reliability of each path through the
reliability information of each node in the path. Finally, the system's reliability is further predicted
and analyzed according to the branch transition probability. It can be seen from the definition of the
UML activity diagram that the graphic elements in the activity diagram include control node elements
such as branch node, merge node, fork node, and junction node in addition to activities, activity
migration (action flow), start node, and end node. The standard basic control structures formed by
these control nodes are as follows. See Figure 6.

Actionl

Action2

Action3

Action6

Action7

Action8

Figure 6: Typical activity chart.

Sequence structure: the execution of activity nodes in the activity diagram occurs in chronological
order, and these nodes form an orderly sequence in chronological order. As in the above Action_ 1
to Action_ 8 (the bifurcated node to the confluent node are regarded as a whole). Selection structure:
when an action is executed to a branch node in the activity diagram, one of the branches will be
selected for execution. Each action flow leaving the branch node will have a monitoring condition,
which indicates what conditions are met when the branch is executed. Predicting which branch the
software will perform at a particular time in the running process is complex. Still, the probability of
the program executing each branch can be set through investigation, calculation, or hypothesis, and
the system's reliability can also be evaluated through these probabilities. As in the figure above,
there is a selection structure between the branch node and the merge node in the left half.

Loop structure: A loop structure is a structure that contains a series of repeatedly executed
activity sequences. Its modeling is implemented through a branch node. In the branches of this
branch node, one branch continues to loop by connecting with the nodes in the region, and the other
branches connect with the active nodes outside the area and exit the loop. Similarly, we cannot
predict whether the program will enter the loop body or how many times the program will be
executed in the loop body. Therefore, the execution probability of each branch needs to be marked
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when predicting the system's reliability. As mentioned above, Action_ 3 to Action_ 7 is a circular
knot.

Bifurcation structure: The appearance of a bifurcation node in the UML diagram indicates a
concurrent control flow in the control flow. It divides the action flow into two or more concurrent
action flows. Each bifurcated action flow is independent and running, and synchronization is achieved
at the merging node. As in the figure above, a bifurcated structure exists between the bifurcated
and confluent nodes (the intermediate selection and circular structure are considered a whole).

The probability of the activity transfer involved in the above structure can be set according to
the following three conditions: (1) Assume that there are n action branches under the branch node,
assuming that the probability of occurrence of these n events is the same, then the execution
probability of each branch action flow is 1/n. (2) Historical data: collect historical data of old versions
or similar functional software and calculate the average execution probability of each branch action
flow. (3) Evaluation: By collecting user experience and suggestions or consulting experts in relevant
fields with high academic levels and rich practical experience in relevant systems, we can infer and
predict the transfer probability of each branch.

4  SE APPLICATION ANALYSIS

4.1 Specific Application

The management system is called MIS for short. It is mainly used to acquire and organize information
in different fields and scientifically process and apply data information. It is also an essential modern
tool. In MIS development, if there are defects in the system, it will have a significant impact on the
system's efficiency. System analysis and logical model construction are generally related to data
collection and business processes. By constructing a data flow chart and organization structure, the
establishment of the model also lays a good foundation for software system development. The user
business data processing process can be further simplified using data flow diagrams, and structural
analysis plays an important role. At present, the internal organizational structure of some large
institutions and departments is relatively complex, including different branches and business
processes, which increases the difficulty of MIS system development. Relevant staff can make full
use of SE technology methods to define the entity goals in business processes, establish structure
diagrams, message diagrams, etc., in combination with specific characteristics, states, and
relationships, create logical models based on the actual situation, view business processes related
to the organization more intuitively, obtain data information, improve processing efficiency, and
effectively remedy and improve the defects and deficiencies of structural methods. The guarantee
system meets the actual needs of users to the maximum extent and also creates reliable and
favorable data environment conditions for users' essential operations. See Figure 7.
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Figure 7: Development process of MIS software system.

4.2 Practical Application in the Development of CAI Software

Computer-aided instruction software is referred to as "CAI" for short. In the actual development
work, determine the language and tools and then adopt modular design concepts or structural
methods according to the development tasks and basic needs, which requires the staff to have
professional experience. If the software requirements change, the development staff should debug
and promptly correct the software system and related parameters to update the practical functions.
With society's rapid development and progress, people's needs in all aspects are also increasing.
This method has a certain complexity and a high bit error rate. Therefore, we must update the
software system in time and meet the actual needs of users through constant modification. The
software development completed by this method is usually expensive to maintain, so it is unsuitable
for repeated use. The previously developed CAI software does not have some essential functions
and cannot be effectively connected with the existing functional modules. Therefore, the
development staff should reasonably use SE methods and attach great importance to CAI software
development. Through various means, they should constantly improve the actual development
efficiency and effectively solve and improve the problems and shortcomings of CAI software. See
Figure 8.
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4.3 Practical Application in the Development of Modern Medical Software

Computer software systems have been popularized in the catering and medical industries, becoming
increasingly intelligent and information-based. In such an environment, scientific and reasonable
application of computer software systems can significantly improve production and work efficiency
and effectively coordinate and optimize the operating standards in the industry. In modern software
development, relevant practitioners should gradually become aware of innovative development. For
example, many hospitals have steadily increased the development of data management software
related to patient pathological information; Doctors can directly obtain the pathological report
information and timely transmit the analysis results to the software, effectively saving human
resources and time costs. They can keep the patient's information and data for a long time for other
clinicians to learn, provide a reliable reference for disease diagnosis and treatment, and observe the
patient's condition in real-time. The actual operation of the software is also relatively simple, which
can achieve a high-precision division of labor. However, in the actual development work, due to the
influence of various factors, some software companies did not combine the basic needs of the
hospital before development, the software did not give full play to its role and value, and there was
a lack of effective communication and exchange between the software development staff and the
hospital. Therefore, such software cannot effectively meet the actual development needs of the
hospital, and it will also cause certain economic losses to the hospital.

4.4 Reliability Prediction Result Test

In the test, the activity diagram of the system administrator in a library management system to
maintain the Account was selected. The administrator logs in to the account to manage it. There are
three management methods to add new accounts, remove or update existing and query accounts,
and exit the system after completing the management operation. Its activity diagram is in Figure 9.
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Figure 9: Activity chart of system management product maintenance account.

The transition probability of nodes and the reliability of each activity are given by known statistical
data, as in Table 3.

Transfer out node | Transfer in node | Transition probability
A B 1.000
B C 0.747
B A 0.254
C D 0.616
C E 0.233
C F 0.144
D G 1.000
E G 1.000
F G 1.000

Table 3: Transfer probability.

Table 4 shows the paths that can be generated by converting the loop and selection structures into
sequence structures.

Route Probability of occurrence
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A-B-A-B-C-D-G 0.116
A-B-A-B-C-E-G 0.043
A-B-A-B-C-F-G 0.026
A-B-C-D-G 0.462
A-B-C-E-G 0.178
A-B-C-F-G 0.107

Table 4: Path occurrence probability.

According to the calculation of R; = YL, R;P;, the reliability prediction result of this part of the system
activity diagram is R; = 0.114 + 0.043 + 0.027 + 0.448 + 0.170 + 0.106 + 0.908.

To show the practicability of this method, this paper uses the technique of randomly generating
paths to conduct a comparative experiment and randomly simulates the activities of managing the
Account. 50, 500, and 5000 test paths were randomly generated, and each case was affected 20
times. The reliability estimates of each simulation were calculated, and the average values of the
three cases were 0.917, 0.901, and 0.910, respectively. The more paths are generated, the more
negligible the reliability variance and the more significant the overhead. The reliability of the method
adopted in this paper is very stable and can significantly improve the reliability evaluation efficiency
of the system. We further investigated the extent to which people with different professional
backgrounds recognized the effectiveness of software engineering education in computer software
development engineering proposed in this paper. The specific results are shown in Figure 10.

mmm Very recoghized Recognized mmm General recognition

Engineering

Science

Medicine

Agriculture

Arts

Figure 10: Degree of Utility Recognition of Different Majors.

5 CONCLUSIONS

The application of SE methods in computer software development under the background of big data
should make good use of big data, deeply mine and analyze data, and effectively use data to help
effectively use SE methods. The SE method can not be stuck in its way. It is necessary to strengthen
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the use of big data, innovate application methods, effectively combine big data with software
development methods, reasonably apply it in software service engineering, pay attention to the
fourth paradigm of data-intensive scientific research, improve the application effect of SE methods
in different fields, and improve the overall impact of computer software development. E-learning in
software engineering education for big data amalgamates theoretical knowledge with practical
application, fostering a new generation of adaptable, skilled professionals equipped to navigate the
complexities of modern software development within the expansive realm of big data.
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