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Automated testing is indispensable in the area of software engineering, particularly for web project functionality, as the
complexity of software systems continues to surge. This paper delves into the pivotal role of automated testing and how the integration
of error propagation analysis, grounded in chaos theory, can elevate its efficacy. The objective is to elucidate the significance of this
methodology and its application in bolstering the reliability and performance of web projects. Automated testing automates the
execution of predefined test cases, offering efficiency gains, reduced human error, and swift defect detection in software development.
Various testing approaches, including unit testing, integration testing, and regression testing, cater to distinct facets of software
functionality, ensuring seamless operation of all components. Web project functionality is integral to the user experience,
encompassing navigation menus, forms, and search features. Testing this functionality is imperative to unearth inconsistencies or
errors that could compromise user satisfaction and task completion.

This paper proposes a methodology for automated testing coupled with error propagation analysis, which involves
scrutinizing how errors evolve through a system over time. Chaos theory, a branch of mathematics examining complex systems’
behavior, is employed to understand how minor variations in initial condiitions can precipitate substantial system behavior shifts.

Traditional error propagation analysis hinges on linear, deterministic models, but real-world systems often exhibit non-
linear, chaotic characteristics, rendering such models inadequate. Chaos theory's non-linear dynamics model the intricate interactions
between input variables and their effects on outputs, capturing the sensitivity of chaotic systems to initial conditions. This approach
appreciates system complexity and intricate feedback loops, enhancing error analysis's robustness and accuracy. However, the
application of chaos theory introduces complexity and computational demands, necessitating a balance between model intricacy and
practicality. The proposed methodology unveil valuable insights into error propagation within web projects' functionality, pinpointing
vuilnerable components and areas ripe for improvement. The methodology's advantages include the ability to identify potential issues
and vulnerabilities, ultimately enhancing web project reliability.
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Ipuna 3ACOPHOBA, Mukona ®EJIYJIA, Onsra [IABJIOBA, Tersna KUCIIb

XMenbHULBKAH HAIOHATBHU YHIBEPCUTET

ABTOMATHU30BAHE TECTYBAHHSA ®YHKIIIOHAJIBHOCTI BEB-ITIPOEKTY 3
BUKOPUCTAHHAM AHAJII3Y NOIIUPEHHA IIOMHUJIOK

ABTOMaTN30BaHE TECTYBaHHS € He3aMiHHUM y C@ePi po3pobku NporpamMHoOro 3abesrieqeHHs, 0Ccob/mMBO A1
QDYHKLIOHAIBHOCTI BEG-TPOEKTIB, OCKIIbKM CKIGAHICTD IPOrPaMHUX CUCTEM [IPOLOBXYE 3pocTartn. Y Ui CTatTi po3r/isgactsca
KIIIOYOBE POJIb aBTOMATU30BAHOIO TECTYBAHHS Ta T€, 5K IHTErpaliss aHasm3y MoWPEHHS MOMMUIIOK, 3aCHOBaHOIo Ha Teopii xaocy,
MOXE MiABULYNTH HIOro eQeKTUBHICTL., MeTa rnosisrae B TOMy, WO6 35CyBatv 3HaYeHHS Liei MeTogonorii 1a i 3acTocyBaHHs A5
TTiABALUEHHS HAJIMHOCTI Ta MpOAYKTUBHOCTI BEG-TIPOEKTIB. ABTOMATU30BaHE TECTYBAHHS ABTOMATU3YE BUKOHAHHS [10MEPEAHBO
BU3HaYEHNX TECTIB, POIOHYIOYN IMIABULYEHHS] €PEKTUBHOCTI, 3MEHLIEHHS JIIOACLKUX MOMWIOK | LUBMAKE BUSIB/IEHHS AEQPEKTIB Yy
PO3p0o6LI IPOrPaMHOro 3a6e3reyeHHs. Pi3HI MiAxXoan A0 TECTYBAaHHS, BKIIIOYAK0YH MOGY/IbHE TECTYBAHHS], IHTErpaLiviHe TecTyBaHHs
7@ pErpeciviHe TeCTyBaHHSs, 3aA0BOJSIbHSIOTL PI3HI acreKkTH @YHKUIOHA/IbHOCTI POrpaMHOro 3a6e3reYeHHs], 3abe3rneqyyoun
6e3r1epebiviHy poboTy BCIX KOMITOHEHTIB. @YHKLIIOHA/IbHI MOXJ/MBOCTI BEG-TIPOEKTY € HEBIJEMHOK YacTUHOW B3aEMOgii 3
KOPUCTYBA4EM, OXOIIIOIOYH HABIraLiviHi MEHIO, opmu Ta @yHKUII MOoLyKy. TecTyBaHHS Liel PyHKLUII € 060BA3KOBUM, LO6 BUSBUTH
HEBIAMOBIAHOCTI abo rOMUIIKU, SKi MOXYTb IOCTaBUTH 11 3arpo3y 3340B0/IEHHS KOPUCTYBAYIB | BUKOHaHHS 3aBAAHb.

Y crarTi nporioHyeTeCs METOAOIIONIS GBTOMATU30BAHOIO TECTYBAHHS B MOEAHAHHI 3 aHa/1i30M PO3IT0BCIOMKEHHS [TOMU/IOK,
1jo repenbayac peTesibHu aHasli3 Toro, K MOMWIKY PO3BUBAIOTLCS B CUCTEMI 3 YacoM. Teopisi Xaocy - Le pOo3fi MaTeMaTmk, LYo
BUBYAE [10BELIHKY CK/IAAHUX CUCTEM, BUKOPUCTOBYETHCS AJ18 PO3YMIHHS TOro, SIK HE3HaYHI Bapiauli ro4YatkoBux yMOB MOXYTb
CTIPHYUHNTY 3HEYHI 3MIHU [TOBELIHKM CUCTEMA.

TDaguLiviHmi aHasi3 po3rOBCIOKEHHS MOMUIIOK BA3YETLCS HA JIHIVIHNX, AETEPMIHOBAHNX MOAESISX, a/1€ PeasibHl cucTemu
Yacro AEMOHCTDYIOTE HEJNIHIVIHI, XaOTUYHI XapaKTEPUCTUKY, L0 POOUTE Taki MOAE/T] HEGAEKBATHUMM. HEHIVIHa AnHaMIKa Teopii Xxaocy
MOAETIOE CKTIaAHY B3AEMOAIN0 MK BXIGHUMU IMIHHUMM Ta IXHIV BIUMB Ha PE3YIIbTATY, QIKCYIOYH YyT/MBICTb XaOTUHYHNUX CUCTEM [0
104aTKOBUX YMOB. Les riaxia OLiHIOE CKIaAHICTL CUCTEMY Ta 3311y TaHi UMK/IM 3B0POTHOIO 3B 53Ky, MIABULLYIOYM HARIHICTb | TOYHICTD
aHanizy rnomusaok. OaHaK 3acTocyBaHHsI TEOpIi Xaocy CTBOPIOE CKIAAHICTL | MOTPEbYe OOYUC/IEHb, YO BUMArae 6asiaHCy MK
CK/IBAHICTIO MOAE/T Ta MPaKTUYHICTIO. 3arporioHOBaHa METO40/10ris POKPUBAE LiHHY IH@OPMAELIO PO PO3ITOBCIOAKEHHS ITOMU/IOK Y
QDYHKLIOHAIbHOCTI BEG-IPOEKTIB, BU3HAYalOYn BPaz/msi KOMIOHEHTU Ta Ob/ACT], SKi MOTPEBGYIOTb BAOCKOHAaAeHHS. [lepesarvt
METOLOION] BK/IIOYaIOTb MOXIIMBICTL BUSB/IEHHS MOTEHLIVIHUX MPO6/IEM | Bpa3/IMBOCTEH, YO B KIHLEBOMY MACYMKY MABALLYE
HAJIHICTb BEG-TTPOEKTY.

Kto4oBi c10Ba.: TeCTyBaHHS QyHKLIOHA/IbHOCTI BEO-ITPOEKTY, aBTOMATU30BAHE TECTYBAHHS], aHAsl3 MOLUMPEHHS IMTOMMIIOK,
TEOPIs Xaocy, HECTAOI/IbHICTE.

Introduction
Automated testing of web project functionality [1] with error propagation analysis is a crucial aspect of

software engineering [2,3]. As technology continues to advance rapidly, software systems become increasingly
complex, and ensuring their functionality becomes more challenging. Testing plays a vital role in identifying and
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rectifying any issues or vulnerabilities that may arise during the development process [2,4,5]. In this paper, we will
explore the significance of automated testing and how error propagation analysis incorporating chaos theory can be
applied to enhance this method [6].

Automated testing refers to the use of tools and frameworks to execute predefined test cases automatically.
It offers several benefits in software development, including increased efficiency, reduced human error, and faster
detection of defects or bugs. There are various approaches to automated testing, such as unit testing, integration testing,
and regression testing [1,7-9]. Each approach focuses on different aspects of software functionality and helps ensure
that all components work together seamlessly.

Web project functionality refers to the ability of a website or web application to perform its intended tasks
accurately and efficiently [9]. The user experience heavily relies on the proper functioning of web projects' features
such as navigation menus, forms, search functionalities, etc. Testing web project functionality is essential for
identifying any inconsistencies or errors that may hinder user satisfaction or impede successful completion of tasks
[2,3].

The primary objective of web project functionality test is the evaluating whether the features and functions
of a web application align with the project's requirements [1]. This testing phase is instrumental in identifying defects,
anomalies, and inconsistencies within the web project, thereby ensuring that it meets user expectations and business
goals.

The functionality of the web application is rigorously evaluated, including user interactions, data processing,
and system operations. Each feature's behavior is meticulously assessed against predefined test cases. The web project
can be tested across various browsers, devices, and operating systems to guarantee seamless functionality for a diverse
user base. Assessing the responsiveness and scalability of the web project under varying loads and conditions is crucial
to ensure an optimal user experience. Detecting vulnerabilities and ensuring the protection of sensitive user data is a
pivotal component of functionality testing to safeguard against potential threats. Functionality testing is indispensable
in ensuring the basic usability of a web project [10,11]. However, it may not provide a comprehensive view of the
application's resilience to unforeseen issues and potential error propagation.

Error propagation analysis extends the evaluation of web projects beyond functionality testing. There are
sophisticated techniques employed to understand how errors or issues in one part of the web project can ripple through
other interconnected components. Often used in conjunction with functionality testing, error propagation analysis
offers a deeper understanding of the application's reliability. The analysis begins by mapping out the intricate
dependencies between different modules, components, and functions of the web project, shedding light on how data
and errors can flow between these interconnected elements [2,3].

Various types of errors or faults are simulated at different points within the web application to gauge how
they propagate through the system. These errors may include input validation issues, database connection failures, or
network errors. Once errors are introduced, analysts assess their impact on the web project's functionality,
performance, and security. They ascertain how errors influence the user experience and whether they lead to data
corruption or system instability.

Error propagation analysis aids developers and testers in understanding the web project's ability to handle
errors gracefully. It facilitates the identification of potential error recovery mechanisms and the reinforcement of error-
handling processes. By pinpointing critical points of error propagation, web project teams can prioritize the resolution
of high-risk areas, reducing the likelihood of system failures and data breaches [3].

Thus, web project functionality testing is an indispensable step in ensuring the usability of web applications.
However, it may fall short in identifying vulnerabilities stemming from error propagation. Error propagation analysis
serves as a vital complement to functionality testing, providing a holistic view of a web project's resilience to errors
and failures. By combining these two approaches, web developers and quality assurance teams can create robust and
dependable web applications that not only meet user expectations but also withstand the challenges of the digital
landscape. This, in turn, enhances the overall user experience and security of the web project, making it a critical
aspect of modern web development.

Therefore, automated testing of web project functionality is an actual task today.

The purpose of this study is to develop methodology for automated testing with error propagation analysis.

Methodology for Automated Testing with Error Propagation Analysis

Error propagation analysis involves studying how errors propagate through a system over time. In software
engineering, it helps identify potential issues or vulnerabilities by analyzing how errors affect different components
within a system or application stack[12]. By understanding how errors propagate throughout a system's architecture,
developers gain valuable insights into areas that require attention during the testing phase [6,11].

Chaos theory is a mathematical concept that explores the behavior of complex systems that are highly
sensitive to initial conditions [13,14]. It has found application in various fields, including physics, biology, and
economics. When applied to web project functionality testing, chaos theory enables us to understand how slight
variations in initial conditions can lead to significant differences in system behavior [15-17].

Error propagation analysis is a fundamental concept in various scientific disciplines, including physics,
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engineering, and computer science. It involves assessing how uncertainties in input variables propagate through a
system to affect the uncertainty in the output or result. While traditionally approached through deterministic and linear
models, the application of chaos theory to error propagation analysis offers a fresh perspective that acknowledges the
inherent complexity and non-linearity of real-world systems. In this paper, we will explore the integration of chaos
theory principles into error propagation analysis, highlighting its benefits and implications. Traditionally, error
propagation analysis relies on linear and deterministic models, such as the Gaussian error propagation formula, which
assumes that errors in input variables are normally distributed and that the relationships between variables are linear.
This approach has been successful in many scenarios, especially when dealing with simple systems and small
uncertainties. However, real-world systems are often non-linear, chaotic, and subject to complex interactions, making
deterministic and linear models inadequate for capturing their behavior accurately [6,18].

Chaos theory, initially developed to understand the behavior of dynamic systems that appear random but are
governed by underlying deterministic processes, offers a powerful framework for error propagation analysis [19].
Chaos theory deals with non-linear dynamics, where small changes in initial conditions can lead to significant
variations in outcomes, a phenomenon known as the butterfly effect. By embracing chaos theory, error propagation
analysis can better account for the complexity and unpredictability inherent in many systems.

Chaos theory enables the modeling of non-linear interactions between input variables and their effects on the
output. This is particularly valuable when dealing with systems where small errors in initial conditions or input
variables can lead to dramatic and unexpected consequences [10,20]. The theory acknowledges the sensitivity of
chaotic systems to initial conditions, highlighting that seemingly insignificant changes in inputs can propagate into
substantial differences in outcomes. Error propagation analysis benefits from this perspective by accounting for the
sensitivity of real-world systems. The methods of nonlinear dynamics emphasize the complexity of dynamic systems
and the presence of complex feedback loops. When applied to error propagation analysis, this recognition allows for
more accurate modeling of the interactions between variables, which may not adhere to linear assumptions.

By embracing chaos theory, error propagation analysis can provide a more robust understanding of the
uncertainties associated with a system's outputs. This can be particularly crucial in critical applications such as
aerospace, finance, and healthcare, where small errors can have significant consequences.

While integrating chaos theory into error propagation analysis offers significant benefits, it also presents
challenges. Chaos theory often involves the use of complex mathematical models, which may require sophisticated
computational tools and resources. Moreover, the implementation of such models may be more time-consuming and
computationally intensive than traditional linear approaches. Therefore, it is essential to strike a balance between
model complexity and practicality when applying chaos theory to error propagation analysis.

Thus, the integration of chaos theory into error propagation analysis represents a promising avenue for
improving our understanding of complex, non-linear systems. By embracing the principles of chaos theory, error
propagation analysis can better account for the inherent uncertainty, non-linearity, and sensitivity to initial conditions
present in real-world systems. While challenges exist in implementing these models, the potential benefits, including
more accurate predictions and enhanced robustness, make chaos theory a valuable tool for error propagation analysis
in various scientific and engineering disciplines. As our understanding of chaos theory and its applications continues
to evolve, it promises to provide deeper insights into the behavior of complex computer systems and how they
propagate errors.

Our proposed methodology for automated testing using error propagation analysis builds upon the principles
of chaos theory. By analyzing the sensitivity of web project functionality to initial conditions, we can identify potential
points of failure or instability, as described in [21]. The steps involved in implementing this methodology include:

Experiments conducted using our methodology have yielded insightful findings regarding error propagation
within web projects' functionality [22]. We observed certain trends where specific components exhibited higher
vulnerability to errors than others, highlighting potential areas for improvement during development.

The proposed method for automated testing with error propagation analysis offers several advantages but
also presents limitations worth considering. One limitation is determining an optimal balance between complexity and
feasibility of the test scenarios. Additionally, the method heavily relies on accurate modeling of initial conditions and
system behavior.
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1. Identifying of the critical components
and variables that influence web project
functionality

Y

2. Generating a set of test scenarios with
varying initial conditions to assess their
impact on system behavior

'

3. Executing tests with using of automated testing
tools and frameworks to execute the predefined
test scenarios automatically

Y

4. Analysis of errors' propagation through
different components during each
test scenario

Y

5. Identifying areas where errors amplify or
propagate rapidly through the elements
of system architecture.

Y

6. Refinement of the system design and code
implementation and repeat the testing process while
the defects are present in the web project functionality

Fig. 1. The proposed methodology for automated testing using error propagation analysis
Conclusions

Automated testing with error propagation analysis is a valuable approach to ensure web project functionality.
By incorporating chaos theory principles, this methodology allows developers to identify potential issues or
vulnerabilities within a system's architecture and take appropriate measures for improvement [12]. The significance
of automated testing cannot be overstated in improving user experience and overall software quality. Moving forward,
further research can focus on refining the proposed methodology, addressing its limitations, and exploring additional
applications in different domains. As software engineering continues to evolve rapidly, automated testing will remain
an essential practice in ensuring the reliability and functionality of web projects.

In conclusion, automated testing combined with error propagation analysis is a powerful tool in software
engineering that enables developers to identify weaknesses and enhance the functionality of web projects effectively.
By leveraging chaos theory principles and considering initial conditions sensitivity, this methodology provides
valuable insights into how errors propagate through complex systems. With further research and refinement, it holds
great potential for improving software development practices across various domains.
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