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Abstract: This article is devoted to the study of optimization of software testing processes to accelerate its release. Taking 

into account the growing complexity of software products and the need for their rapid adaptation to a variety of technological and 

user requirements, the purpose of this research is to improve the efficiency and reliability of testing. The paper discusses techniques 

such as automated testing, the application of graph theory and queuing theory to process modeling, as well as the Monte Carlo 

method for optimizing resources and time. The article suggests approaches to formalizing test processes that can significantly reduce 

testing time and improve the quality of the final product. These techniques can be applied in various areas of development, from 

mobile applications to integrated process control systems. 
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Introduction 

In modern conditions, the software development industry is one of the most capital-intensive sectors, where any 

miscalculations in the creation process can lead to significant losses. The complexity of the code, in turn, increases the risk of 

problems during subsequent modifications and maintenance of the software product. Errors undetected at the testing stage may 

considerably worsen software reliability and slow down the process of its implementation.  

Simple but correct code created by a developer is often subject to revision. Usually, it is related to the use of standard 

algorithms that do not take into account the specifics of the task and automatically translate program instructions without taking 

into account the context of their application. Such algorithms do not distinguish the specifics of the problem and do not use the 

potential advantages of specialized solutions. Using such an approach often leads to results that only partially meet performance 

and resource-saving requirements. 

To create code that efficiently uses available machine resources and commands, sophisticated optimization techniques must 

be applied. These methods include using optimizing compilers that can significantly improve program performance. In addition, it 

is important to adhere to the 10/90 principle, which states that 10% of time spent on careful planning before starting work can save 

up to 90% of time in completing tasks. 

The architectural design of a system has a significant impact on its performance. However, the choice of algorithm is even 

more important to performance than any other aspect of design. More complex algorithms and data structures can handle large 

amounts of data efficiently. In contrast, simple algorithms are better suited to handle small arrays, as the initialization costs of 

complex algorithms can exceed the benefits of their use [1]. 

 

1. Performance Testing 

The performance of applications is a determining factor in their success or failure in the market. Poor performance can lead 

to user frustration, negative feedback, and loss of revenue. For these reasons, the prioritization of performance testing at every stage 

of the software development lifecycle is undeniable. 
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Implementing performance testing has many reasons.  

First, it allows for identifying and eliminating bottlenecks at the initial stages of development, which saves time, effort, 

and financial resources that could be spent on fixing these problems later.  

Second, it ensures that software meets established service level agreements (SLAs) and other performance requirements, 

ensuring that the application achieves the minimum required performance.  

Third, performance testing provides valuable insights into the behavior of the software under different operating conditions, 

allowing it to be optimized and improve overall efficiency [2]. 

Thus, creating quality software is a multi-step and complex process that requires adherence to certain standards and 

procedures. Testing is one of the key stages of this process, verifying the functionality and compliance of software with the 

established requirements. With the development of process automation in various spheres, the importance of automated software 

testing, including in process control systems, becomes obvious.  

Software testing has experienced notable transformations over the last few years, evolving together with changes in 

development methodologies, technologies, and tools that have radically changed the software industry. Initially, testing was limited 

to rigorously manual methods but is now characterized by the drive towards automation and the integration of artificial intelligence, 

heralding a new era in the field. 

The formalized representation of the automated testing process through graph theory provides an efficient approach to 

optimize and automate testing, from the creation of test scenarios to the analysis of results (Figure 1). This allows not only to 

improve product quality but also to significantly reduce the time required for testing in complex multilevel control systems. 

 

 

Fig.1. The structure of software testing 
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Figure 1 shows that the software testing process involves some sequential stages, each of which requires careful planning 

and implementation.  

The initial stage, the creation of test scenarios, involves identifying the functions and aspects of the software to be tested. 

Each test scenario can span multiple test cases to comprehensively evaluate all possible states of the program. The methods for 

creating test scenarios can be either formal or informal, depending on the requirements of the project. 

The next stage, test development, involves programming the test cases in the chosen programming language. This process 

covers creating test data, executing the tests on, and capturing the results for later analysis. 

The third stage involves preparing the software for testing in the cloud environment. This stage involves uploading the 

software product to the cloud platform, setting up virtual machines for testing, and configuring the cloud environment to support 

tests on different devices. 

Running the tests in the cloud infrastructure constitutes the fourth stage. This involves executing tests on multiple devices 

in the cloud, which can take a significant amount of time depending on the size and complexity of the tests. 

The fifth and final stage is analyzing the test results. It involves detailed analysis of the collected data, visualizing the 

results for better understanding, and reporting on the bugs and issues identified. 

Graphical representation of the testing process, using graph theory, allows to visualize and optimize each step by displaying 

the dependencies between the different steps. For better visualization, the data will be presented as a table. 

 

Table 1. Features of software testing [1] 

Testing Stage Service Time (hours) Queue Waiting Time (hours) 

Scenario Creation 2 0 

Test Development 4 2 

Software Preparation 1 1 

Test Execution 8 4 

Test Results Analysis 2 2 

 

From the analysis of the table it is possible to see that each step in the testing process is characterized by its execution 

duration and waiting time. For example, the generation of test scenarios takes two hours and does not require waiting time because 

it is the initial stage of testing. In turn, the test development phase requires four hours to execute and includes two hours of waiting 

time in the queue. Applying mass service theory in modeling this process not only allows us to estimate the total time required for 

testing but also to identify steps that can be optimized to speed things up. 

To effectively model the testing process using mass service theory, some parameters must be considered: 

● The number of test participants working simultaneously, which affects queue length and waiting time. 

● The nature of service time distribution, which can be uniform or variable. 

● System performance requirements, including response time and page load speed. 

When a test model is developed, it can be used to optimize the process. For example, if modeling results indicate excessively 

long wait times in the Test Development step, measures can be taken to speed up that step. 

The application of mass service theory to represent software testing steps demonstrates its effectiveness in process 

optimization. Modeling with this theory allows us to accurately determine the duration of testing and identify key points for 

improvement[3,4]. 
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In turn, modern testing approaches should also be touched upon, which rely on automated testing systems that can execute 

complex tests with high speed and minimal human intervention. Test automation, supported by AI-based tools, is becoming an 

integral part of the process, providing opportunities for seamless operations and improved user experience in a rapidly digitalizing 

world. 

Test automation is central to modern software development methodologies, especially in Agile and DevOps. It involves 

the use of various tools, platforms, and techniques to automate repetitive and time-consuming tasks, which frees testers to perform 

more complex and meaningful tasks. Table 2, reflects the advantages and disadvantages that are inherent in automated software 

testing.  

 

Table 2. Advantages and disadvantages of automated software testing 

Advantages Disadvantages 

Minimization of human errors through 

standardization and increased reliability of 

results. 

Automated testing is much more expensive than manual testing. 

Acceleration of the testing process and reduction 

in product release time. 

Automated testing also requires additional trained and qualified 

personnel. 

Expansion of testing coverage due to the ability 

to perform a large number of tests concurrently. 

Automated testing eliminates only the mechanical part of the 

testing process, but test case creation still requires testing 

specialists. 

The ability to reuse test scenarios simplifies 

regression testing. 
 

Improved collaboration between different teams 

through the ability to share automated tests. 

 

 

2. Trends  

Software testing is continuously transforming, reflecting the impact of technological innovation, evolving methodologies, 

and changing industry requirements. The following are the key trends that are shaping the future of this field: 

● DevOps and Agile methodologies: These approaches are becoming increasingly common in organizations seeking 

to accelerate development cycles and improve collaboration between development and operations teams. They require integrated 

and continuous testing, incorporating automation into the development and delivery process. 

● IoT testing: With the advent of the Internet of Things, new testing challenges have emerged, including the need 

to test the connectivity, reliability, and performance of multiple connected devices. IoT testing also includes comprehensive security 

checks to protect user data and prevent vulnerabilities. 

● Performance Engineering: With heightened user expectations for application performance and responsiveness, 

performance engineering is becoming a key element that surpasses traditional performance testing by incorporating performance 

considerations into all phases of development. 

● Testing in the Cloud: Cloud environments offer scalability, flexibility, and cost-effectiveness, making them ideal 

for testing. They enable automatic deployment of test environments, parallel execution of tests, and efficient resource management. 

● Big Data Analytics for Testing: The application of big data analytics can provide valuable insights into application 

performance, identify patterns and trends that improve application quality, and enable informed decisions about testing strategies. 
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These trends emphasize the need for an adaptable, efficient, and scalable approach to software testing, which is combined 

with innovative tools to enable a more agile and transformational future in testing. [5]. 

 

Conclusion 

Software testing is subject to continuous evolution, reflecting advances in technology, methodologies, and industry 

requirements.  The study confirmed the significance of optimizing testing processes in the context of accelerating software release. 

The application of automated testing techniques, including graph and mass theory and Monte Carlo simulation, enables companies 

to efficiently manage resources, reduce development time, and improve product quality. Optimizing testing not only speeds up the 

process of getting software to market but also helps improve its competitiveness and reliability. The importance of these methods 

is emphasized by their applicability in a variety of projects and their ability to adapt to the specific requirements of different types 

of software. Thus, the integration of the mentioned approaches into standard testing procedures can be considered as a strategic 

direction for IT industry development. 
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