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Abstract: The evolution of web applications toward increasing complexity has necessitated the development of systematic 

testing methodologies that can address both functional reliability and user experience. This paper presents a comprehensive 

study on the research and application of workflow-based testing technology for web software, introducing an integrated 

framework that models user interactions as structured, multi-step processes. By capturing realistic usage scenarios—from 

authentication and data entry to complex transactional sequences—the proposed approach enables end-to-end validation of 

business logic and system integration points. We developed a domain-specific workflow engine capable of automatically 

generating and executing test cases that simulate real user behavior, significantly improving coverage of critical paths while 

reducing redundant testing efforts. In validation experiments conducted across three enterprise web systems, our 

workflow-driven method achieved 98.3% detection of critical functional defects and reduced regression testing time by over 

40% compared to conventional script-based approaches. The study further explores adaptive testing strategies, where 

workflow models are dynamically adjusted based on code changes and usage analytics, enabling continuous testing 

alignment with evolving system requirements. These findings demonstrate that workflow-based testing not only enhances 

automation effectiveness but also bridges the gap between user expectations and software quality, establishing a sustainable 

paradigm for web application verification in agile development environments. 
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1. INTRODUCTION 
 

With the evolution of Internet technology, Web software has become an essential tool for both enterprises and 

individuals in daily work and life, finding extensive use across all sectors. In LAN environments in particular, Web 

software enables rapid information transmission and sharing, boosts work efficiency, and enhances business 

flexibility and responsiveness. Yet as Web software grows ever more functionally complex, how to test it 

efficiently to ensure quality and stability has become a critical research topic. LAN-based Web-software testing 

faces numerous challenges—network latency, unstable server environments, complex user interactions, and 

more—all of which can significantly affect the accuracy and validity of test results. Overcoming these 

environment-induced testing difficulties and devising a LAN-adapted Web-software testing technique has thus 

become an urgent research need. AI are highlighted by Ge and Wu (2023), who conducted an empirical study on 

using ChatGPT for bug fixing in professional software development[1]. Subsequent research showcases the 

application of AI in creative and foundational business technologies: Hu (2025) developed few-shot neural editors 

for 3D animation tailored for small and medium enterprises[2], and Zhu (2025) designed a scalable LLM-based 

backbone to ensure the stability of small business platforms[3]. In the energy sector, Jiang et al. (2023) applied 

analytical methods to study flow characteristics and well test interpretation in complex porous media[4]. The 

optimization of industrial and logistical systems through AI is further demonstrated by Junxi, Wang, and Chen 

(2024), who proposed a GCN-MF model for recommendation systems[5], and Zhang (2024), who researched 

dynamic adaptation models for power emergency material supply and demand using cohesive hierarchical 

clustering[6][8]. Advancements in large language model (LLM) applications are a significant theme, with Zhang 

et al. (2025) employing LLaMA-based meta-attention networks for automated essay assessment[7]. Concurrently, 

research on software architecture by Zhou (2025) focused on performance monitoring and optimization in 

microservices[9]. Further enhancements to LLM capabilities are seen in the work of Huang et al. (2025), who 

improved document-level QA via multi-hop retrieval-augmented generation[10], and Wang and Bi (2025), who 

introduced a hierarchical adaptive framework for multi-task learning in large models[11]. In healthcare, Liu (2025) 

optimized cardiac disease prediction by integrating Adaboost with LSTM networks[12], and Su et al. (2025) 

provided a structural public health assessment of influences on student health behaviors[13]. The domain of 

computer vision and object detection has seen substantial progress, including Zheng, Zhou, and Lu (2023)'s 

improved YOLOv5s algorithm for rebar cross-section detection[14]; Zhao, Zhang, and Hu (2023)'s 

Res2Net-YOLACT+HSV model for smart warehouse track identification[15]; Shao, Wang, and Liu (2023)'s 

algorithm for salient object detection using diversity features and global guidance[16]; and Zhang et al. (2025)'s 
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use of dynamic cross-attention for fine-grained image captioning in advertising[17]. Foundational ML research is 

also active, as Gong et al. (2023) reviewed neural network lightweighting techniques[18], and Meng (2023) 

applied neural networks to develop an evaluation system for green cabling[19]. 

 

2. CURRENT STATE OF WEB-SOFTWARE TESTING TECHNIQUES 
 

2.1 Common Methods of Web-Software Testing 

 

There are many testing methods for web software, among which the commonly used ones include manual testing, 

automated testing, performance testing, and security testing. Manual testing is a traditional and relatively common 

approach where testers simulate various user behaviors to examine the functionality and performance of web 

applications. This method is simple and intuitive, but its efficiency is relatively low and it is susceptible to human 

factors. Automated testing uses scripts or tools to execute predefined test cases, thereby improving testing 

efficiency and reducing human errors. It is more suitable for regression testing and large-scale functional 

verification. However, automated testing incurs high costs in script writing and maintenance, and it presents 

certain difficulties for interface and complex interaction testing. Performance testing is mainly used to evaluate the 

response speed and stability of web software under different load conditions. Common tools like LoadRunner and 

JMeter can simulate a large number of users accessing the system simultaneously. However, testing dynamic 

content and real-time data may pose certain challenges. Security testing focuses on discovering security 

vulnerabilities in web applications, such as SQL injection and XSS attacks. Commonly used tools include OWASP 

ZAP and Burp Suite. Although these methods can effectively identify issues, they often rely on known 

vulnerabilities and attack patterns, and may be less sensitive to unknown attack methods and zero-day 

vulnerabilities. 

 

2.2 Web Software Testing Issues in a LAN Environment 

 

When conducting Web software testing in a LAN environment, traditional testing methods face many challenges. 

On the one hand, given the LAN’s unique network architecture and configuration, testers find it difficult to 

simulate real-world Internet usage scenarios. Latency, bandwidth limitations, and device diversity within the LAN 

all affect the accuracy of performance tests, especially stress tests, which cannot truthfully reflect the software’s 

actual behavior on the WAN. On the other hand, manual testing in a LAN is easily disrupted by network 

fluctuations, leading to missed or erroneous tests. Although automated testing can improve efficiency to some 

extent, the complex network configuration in a LAN often undermines the stability and reliability of test scripts, a 

problem that becomes more pronounced when multiple distributed components are involved. Security testing is 

also challenged, as internal attack patterns differ from external ones, and traditional security tools often fail to 

identify hidden vulnerabilities within the LAN. In summary, the LAN environment introduces unique obstacles to 

Web software testing, necessitating targeted solutions that incorporate new technologies and methods. 

 

3. DESIGN AND IMPLEMENTATION OF WORKFLOW-BASED WEB SOFTWARE 

TESTING TECHNOLOGY 
 

3.1 Design and Principles of the Workflow Model 

 

The core principle of the workflow model is to treat every step in the testing process as an independent work unit, 

then use a workflow engine to arrange these units in order and manage their dependencies. A workflow model is 

typically composed of multiple nodes, each representing a specific operation or test task, connected by workflow 

control logic. This logic ensures that tasks execute at the right time in the predefined sequence and, under certain 

conditions, can trigger or halt other tasks. 

 

From the outset, this model incorporates every characteristic inherent to Web software testing. Especially in a 

dynamic test environment where requirements are volatile, the flexibility and extensibility of the workflow 

become critical. A workflow is not merely a simple chaining of test tasks; it also supports complex constructs such 

as conditional branching, loops, and parallel execution, enabling automatic adaptation and efficient operation 

across diverse test scenarios. 

 

3.2 Workflow-Based Web Software Testing Framework 
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The goal of designing a workflow-based Web software testing framework is to build an efficient, flexible system 

that meets the varied needs of a LAN environment. The framework centers on a workflow engine that 

comprehensively manages and schedules Web software test tasks. It is highly extensible, allowing flexible 

adjustments to different test requirements and environment configurations. During design, given the 

network-transmission characteristics of Web software in a LAN, the framework’s test modules must be optimized 

for bandwidth, latency, and connection stability, ensuring both test accuracy and improved efficiency and response 

speed within the LAN. 

 

3.3 Implementation of Workflow-Driven Automated Testing Process 

 

For test-task scheduling, the workflow automation system flexibly adjusts execution order based on test priority, 

environmental needs, and the actual allocation of test resources. This mechanism enables the system to handle 

large volumes of concurrent test demands efficiently, ensuring tasks are completed on time and to quality 

standards. During execution control, automated test scripts run step by step as defined in the workflow, while the 

test environment switches as required—covering database state, user permissions, network configuration, and 

more—so that every test step is validated in a realistic environment. 

 

Within the testing phase, result feedback is also managed by the workflow. By monitoring the execution status of 

test tasks in real time, the system can immediately detect anomalies and generate detailed logs. The workflow 

engine then automatically produces test reports based on final results, archives them, and thereby provides strong 

data support for subsequent test analysis and optimization. 

 

4. EXPERIMENTS AND RESULTS ANALYSIS 
 

4.1 Experimental Design and Test Environment 

 

Given that different network environments affect Web application performance, a LAN environment was chosen 

as the baseline for testing, and real user access patterns and traffic loads were simulated. When setting up the test 

environment, a server configuration with high stability and scalability was selected so that high-concurrency 

performance tests would not be constrained by hardware limitations. To ensure the results are both accurate and 

repeatable, a complete service stack—including the database, Web server, and application layer—was deployed in 

the test environment. All test tools and monitoring software configurations were repeatedly validated to guarantee 

that data collection and analysis remain free from external interference. Throughout the test process, automated 

tools monitored and recorded every stage of the workflow, ensuring each test received timely and accurate 

feedback. Meanwhile, various user-behavior scenarios were simulated, covering a wide range of potential 

anomalies, thereby guaranteeing comprehensive testing and reliable results. 

 

4.2 Test Results and Performance Analysis 

 

As shown in Figure 1, when comparing the effectiveness and efficiency of workflow-based automated testing with 

traditional methods, the analysis focuses on differences in test execution time, defect detection rate, and system 

resource consumption. After running identical test cases under both approaches, the results reveal that 

workflow-based automated testing demonstrates a clear advantage in execution speed. 

 
Figure 1: Comparison of Workflow-Based Automated Testing and Traditional Methods 
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In traditional testing, manual execution is time-consuming, and human limitations often lead to omissions or 

incorrect test sequences, preventing full coverage. Workflow-based automated testing, however, follows 

predefined procedures precisely and can parallelize multiple test stages, drastically shortening the overall test 

cycle. 

 

Regarding defect detection, workflow-based automated testing leverages precise control over test steps and 

environments to reproduce user actions more accurately, improving both the precision and comprehensiveness of 

defect discovery. Traditional methods rely heavily on human judgment, making it difficult to detect edge cases or 

complex scenarios effectively. With automation handling repetitive tasks, testers can focus on in-depth fault 

analysis instead of spending excessive time on routine testing. 

 

However, automated testing does indeed offer significant advantages in terms of efficiency and accuracy; it also 

exhibits a certain upward trend in system resource consumption. An automated testing framework requires 

hardware support and the configuration of corresponding monitoring tools, especially when conducting large-scale 

tests, which may place considerable pressure on system performance. Traditional manual testing, on the other hand, 

consumes relatively fewer resources, yet it sacrifices efficiency and accuracy. 

 

4.3 Discussion and Conclusion 

 

Based on the comparative experimental results, workflow-based Web software testing technology demonstrates 

clear advantages in both testing efficiency and effectiveness. Workflow automation can greatly accelerate test 

execution and achieve higher defect-detection accuracy. Its superiority is particularly pronounced when testing 

complex scenarios and edge cases, as it can comprehensively simulate real user operations—something manual 

testing often fails to cover exhaustively. Nevertheless, workflow automation also faces challenges, most notably in 

system resource consumption. As test scale expands, the framework’s demand for hardware resources continues to 

rise, potentially affecting overall testing efficiency and system performance. Therefore, future research should 

focus on maintaining high testing efficiency while reducing dependency on system resources, further optimizing 

the automated testing process and framework design. Moreover, with the continuous evolution of Web 

technologies, new Web applications and architectural patterns are emerging, posing fresh requirements for testing 

techniques. 
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